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War Depaktment, Ordnance Office, 

Washingtorij October i, 1897. 

Sir : I have the honor to submit the following report of the principal 
operations of the Ordnance Department during the fiscal year ended 
June 30, 1897, with such remarks and recommendations as the interests 
of this branch of the military service seem to require. 

The fiscal resources and expenditures of the Department during the 
year were as follows, viz : 

Amonnt in the Treasury to the credit of the appropriations on June 30, 

1896 $1,790,096.86 

Amount in the Treasury not reported to the credit of the appropria- 
tions on June 30, 1896 747.42 

Amount in Grovemment depositories to the credit of disbursing officers 
and others on June 30, 1896 425,003.77 

Amount of appropriations for the service of the fiscal year ended June 
30, 1897, including the appropriation for armament of fortifications 
in the act approved March 3, 1897 a 10, 207, 378. 13 

Amounts refunded to ordnance appropriations in settling accounts dur- 
ing the fiscal year ended June 30, 1897 308,942.68 

Gross amount received during the fiscal year ended June 30, 1897, from 
sales to officers, from rents, from collections from troops on account 
of losses of or damage to ordnance stores, from Chicago, Rock Island 
and Paoific Railroad Company, from powder and projectiles (pro- 
ceeds of sales), from sales of condemned stores, from testing machine, 
and from all other sources not before mentioned 120, 672. 61 

Total 12,852,841.47 



Amount of expenditures during the fiscal year ended June 30, 1897, 

including expenses attending sales of condemned stores, exchange of 

powder, etc 4,901,108.55 

Amonnt deposited in Treasury during the fiscal year ended June 30, 

1897, as proceeds of sales of Government property 54, 790. 94 

Amount turned into the surplus fund on June 30, 1897 1, 574. 29 

Amount in Government depositories to the credit of disbursing officers 

and others on June 30, 1897 614,266.50 

Amount transferred from ordnance appropriations in settling accounts 

during the fiscal year ended June 30, 1897 66,894.93 

Amonnt in the Treasury not reported to the credit of appropriations on 

June 30, 1897 340.52 

Amount in the Treasury to the credit of appropriations on June 30, 

1897 7,213,865.74 

Total 12,852,841.47 

a The appropriations for the Ordnance Department in the act approved March 3, 

1897, are included in this amount. 
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ARMING THE MILITIA. 

The act of Congress approved February 24, 1897, provides — 

That the Secretary of War is hereby authorized to issue to the governors of the 
•everal States and Territories such number of Springfield breech-loading rifles, cali- 
ber forty-five one-hundredths of an inch, as are now required for arming all of the 
regularly organized armed and equipped militia (generally known as the National 
Guard) of each State and Territory that are not already supplied with this arm : 
Provided, That each State or Territory be required on receipt of the new arms to 
turn into the Ordnance Department, United States Army (without receiving any 
money credit therefor), an equal number of the arms now in its possession, except 
its Springfield rifles, caliber forty-five one-hundred ths of an inch. 

Under the authority of the above-cited law, 24,564 Springfield rifles, 
caliber .45, and 591 Springfield carbines, caliber .45, have been issued 
to the following States, viz : 



To— 



Arkansas... 
Connecticut 

Georgia 

Iowa 

Louisiana . . 

Maine 

lifebraska .. 

Nevada 

New York.. 



Hilles. 



94 

1.834 

1,138 

440 

782 

150 

737 

200 

13,060 



Carbines. 



50 



440 



To- 



Ohio 

Oregon 

Situth Caroliua. 
South Dakota... 

Tennessee 

Virginia 

Wisconsiu 



Kities. Carbines. 



3,000 



101 



660 

90 

140 

659 

1.600 



Total. 



24,564 



591 



The third section of the act of February 24, 1897, referred to above, 
reads as follows, viz : 

Sec. 3. That any State or Territory may, in addition to the stores and supplies 
issued under the provisions of this act and the act of February , eighteen hundred 
and eighty-seven, purchase for the use of its national guard ur reserve militia, at 
regulatiou prices for cash at place of sale, such stores and supplies from any depart- 
ment of the Army as, in the opinion of the Secretary of War, can be spared. 

Attention is invited to the fact that while this law authorizes sales 
to the militia from the ordnance and ordnance stores procured for the 
Army, it makes no provision for using the proceeds of the sales in 
replenishing thesui)plies taken from the Army. 

The ordnance and ordnance stores procured for the Army under the 
appropriations made by Congress are barely sufficient for this purpose, 
and none of them can be spared for sales to the States unless they are 
replaced. This fact makes this provision of the act practically inop 
erative. 

With the view of enabling the several States and Territories to avail 
themselves of the above quoted very desirable and important provision 
of law enacted by Congress, I recommend that Congress be requested to 
amend the act of February 24, 181)7, by adding the following words, viz : 

And hereafter the cost of stores and supplies sold to any State or Territory under 
section 3 of the act approved February 24, 1897, shall be credited to the appropria- 
tion from which they were procured, and remain available to ])rocure like stores and 
supplies for the Army. 
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This simply provides for replacing the stores. 

During the past sammer one of the States desired to purchase for 
the further equipment of its militia ordnance and ordnance stores in 
value about $25,000, but owing to the limitations in scope of this law 
the sale could not be recommended. 

In accordance with the requirements of the act of Congress approved 
March 2, 1895 (vol. 28, p. 808, Stat. L.), I have the honor to report as 
follows : 

The clerical force in this office provided for and adapted to corre- 
spondence is barely sufficient, with the utmost endeavors to minimize 
the same, for the amount of such work required for what has heretofore 
been the regular business of the office. In addition to such ordinary 
business there has recently been an extraordinary increase of this labor, 
due to the difficult and extensive correspondence growing out of the 
numerous large contracts, purchases, inspections, settlement of designs, 
drawings, and specifications, requirements, and controversies in con- 
nection with the large purchases of forgings, guns, carriages, project- 
iles, powders, etc., for the coast defense. The nature of this work 
(being correspondence) is such that it must be kept up to date each 
day, and to accomplish this it has been necessary to take important 
clerks from their regular duties and clerks not well adapted to this 
duty. In consequence of this the examination of property accounts 
from the Army is about three months behind, and unless some relief 
can be obtained it appears that other necessary work can Bot be kept 
up to date. I have, therefore, in the estimates submitted this year, 
asked for two additional expert stenographers and typewriters, at 
$1,000 per year each. With these it is believed the files can be kept 
up as long as the additional work now devolved upon this office shall 
last. 

BOOK ISLAND ARSENAL. 

ROCK ISLAND ARSENAL WATER POWER. 

The extraordinary repairs of the dikes and dams of the Bock Island 
water power have been carried on during the year. In general, the 
openings in the upper end of the Moline dam wall are closed, and 
the whole water-power privilege, used and unused by the Moline Water 
Power Company, has been concentrated near the east end of Sylvan 
Lsland, a new concrete dam with openings being constructed for this 
])urpose at that point. The wall in which the openings have been 
closed is now a revetment wall, which will be backed by a retaining 
embankment, which embankment will be carried to a height above the 
wall, which will render it safe against the most extreme floods hereto- 
fore recorded. This embankment also strengthens the wall to such an 
extent that it is believed that the necessity for extensive repairs should 
not arise for many years. Moreover, the material for the embankment 
being taken from the water-j)ower pool will afford considerable improve- 
ment to the water x)ower itself. 
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The appropriation for the repairs of the water power for strengtheniug 
this old Moline wall, made in the appropriation act for sundry civil 
purposes, etc., approved March 2, 1896, was reported to be sufficient for 
the completion of the whole work, including the strengthening of this 
old wall. In January, 1897, the commanding officer of the arsenal first 
reported to me that the appropriation was exhausted, and this work of 
strengthening the Moline wall had not been done. The changes in the 
water power, mentioned above, whereby a new dam for the greater 
efficiency of the Moline Water Power Company's power had been con- 
structed near the lower or western end of that company's old tailrace 
(along the back of the Moline wall and stone dike in continuation ot 
the same), cut off the outlet of water from this old tailrace. In times 
of extreme high water, or more properly at the freshet stages of the 
river, water has run over the whole length (about 2,200 feet) of this 
old Moline dam. So long as the lower end of the tailrace was open to 
the canal and to the river below this overflow caused no damage. As 
the new construction cut off this outlet at the lower end, the embank- 
ment behind the dam to strengthen it was to be raised above the 
highest freshet stages of the river, and thereby prevent this overflow. 
As the freshet stage is liable to occur usually about June, it was nec- 
essary that this embankment should be built as early as possible last 
spring. Otherwise the water might flow over the wall, and the outlet 
at the lower end being cut off, the old tailrace would be filled up, 
would flood the extensive and valuable shops of the city of Moline 
along the back shore of the tailrace, and the water having to find an 
outlet through these shops to the city back of the shops, might cause 
extensive damage. 

On this account the matter was reported to Congress in much haste 
and an appropriation asked for for the construction of the embankment 
at once. It was expected that this appropriation would be obtained in 
time to do the work as soon as the ice was out of the river in the spring, 
in order that it might be completed before the anticipated rise of the 
river. The appropriation was included in the sundry civil bill and this 
bill was not finally passed until June 4, 1897. In the meantime the river 
reached the freshet stage in May — much earlier than it usually occurs. 
In consequence of this, grave apprehensions of the danger to the shops 
and city of Moline, mentioned above, arose. At your request I went to 
Eock Island Arsenal to see what could be done. I found on my arrival 
that the new commanding officer — Capt. S. E, Blunt — who had been at 
the arsenal but a few days, had, as I hoped, perfected plans to provide 
for the outflow of the water at the lower end of the tailrace in case 
the apprehended freshet should occur. These plans were carried out 
and would, in my opinion, have furnished ample protection from the 
danger apprehended. The water, however, rose to but a few inches 
above the wall, and serious difficulty was not encountered. 

This permitted a postponement of the work uatil the very favorable 
season of extreme low water this fall. Tlie work is now in progress. 
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BRIDGES. 

The Eock Island wagon bridge and the Moline bridge have been 
painted^ and the Moline bridge has had the wood floor renewed^ also 
the old floor stringers, which were mach decayed, were replaced by- 
new ones, some of wrought-iron beams and some of wood. The traffic 
from January 1, 1897, to June 30, 1897, over the bridge to Davenport 
has been very extensive. 

It is possible that some minor details of the draw mechanism of the 
bridge to Davenport may have to be strengthened or further adjusted, 
but work will not be necessary before the close of navigation. The 
painting will have to be renewed, and an estimate for this work is sub- 
mitted. An estimate is also submitted for the new floor stringers and 
planking required for the Rock Island wagon bridge. These have not 
been replaced for several years, and have reached a condition where a 
thorough overhauling should be made. 

An estimate is also submitted for repairs to the arsenal railroad. 
The ties are now badly decayed, and the road can only be used with 
extreme care. The roadbed itself will have to be carefully gone over 
and a majority of the ties replaced. 

NEW BUILDINGS. 

The buildings which have been used for many years as post hospital 
and upper and lower stables are old frame structures originally erected 
as temporary barracks during the civil war, about thirty-five years 
ago, when the island was occupied as a post for prisoners of war. They 
are all, especially the former, unfit for the purposes to which they are 
now put. It is almost a cruelty to a patient to send him for treatment 
to such a building, the like of which probably does not exist at any 
other military post. The inspector-general of that district, in his report 
of a recent inspection of the post, states : ^' The hospital is an old frame 
building, utterly unfit for hospital purposes and not worth repairing.'^ 
Estimates have been repeatedly submitted, and they are again included 
this year. 

MANUFACTURES. 

During the fiscal year the infantry equipments, cavalry accouter- 
ments, horse equipments, material for target practice, artillery harness, 
field and siege carriages, caissons, battery wagons and forges, and many 
other articles required by the Army, colleges, and militia have been 
manufactured at this arsenal, and most of the issues to the Army, col- 
leges, and militia have been made direct from this arsenal. The con- 
struction of the field and siege carriages, with their limbers, caissons, 
and battery wagons and forges, has also been pushed at this arsenal 
to the extent that the limited plant available for this work would per- 
mit, for the accumulation of the reserve of these carriages that w^ill 
be required for immediate issue in case of emergency. 
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There is no special novelty about any of the fabrications except in 
the case of the saddletree and breech-mechanism covers for caliber .30 
rifles. 

EQUIPMENTS. 

From 1865 until about a year ago our saddles have been made from 
saddletrees which were left on hand at the close of the war. This sup- 
ply being exhausted and it being necessary to procure a new supply, 
the question was raised as to whether these trees should be manufac- 
tured at the arsenal or whether they should be procured by contract, as 
has been done heretofore. The trees procured by contract were not of 
as good quality as is desirable, but their serious defect was that being 
made by hand they did not conform in shape and dimensions to the rig- 
idly exact requirements for a tree that will perfectly fit a horse's back. 
This subject received careful attention about twenty years ago apd led 
to the construction of exact metal forms to be applied to the old trees 
to determine their variations fVom specified dimensions. The trees 
being on hand, to save the loss of throwing them away, greater varia- 
tions from specified dimensions were allowed than would have been per- 
mitted in manufacturing new trees. Even with these greater variations 
it was found that as high as 45 per cent of the trees on hand furnished 
by some contractors during the war had to be rejected. Others con- 
form more closely to requirements, but in all cases a large percentage 
had to be rejected. 

It was my opinion at that time that these trees might be made with 
machinery, somewhat upon the same methods that are pursued in mak- 
ing gunstocks, lasts, etc. If so made it was thought that the form 
and dimensions of the trees might conform exactly to specified dimensions 
without any variations whatever, or rather that this exact conformity 
would necessarily result from the proposed method. It was also 
thought the devising of this machinery would better be undertaken in 
the arsenal shops, and if successful it would not only give the very 
desirable conformity to dimensions, but result in the construction of 
stronger and better trees in all respects. This work was undertaken 
and has been brought to a successful conclusion, and it is thought it not 
only results in better trees of accurate dimensions, but that the cost of 
the tree has also been somewhat reduced. A detailed report on the. 
subject, made by Lieiit/4»,nant Homey, is printed as one of the appen- 
dices to this report. 

Some years ago reports from the Army showed that the operation of 
the breech mechaniHin of the new rifle might sometimes be interfered 
with by sand, snow, and frozen rain. Eeports were called for from the 
Army as to the desirability of providing a protecting cover for the 
breech mechanism. Some of the reports stated that a cover was abso- 
lutely necessary, but the majority of the reports stated that none was 
needed. It was concluded that those officers who had had service in 
situations where a large amount of sand might blow into the mechan- 



REPORT OF THE CHIEF OF ORDNANCE. 9 

ism, or where it was exposed to snow and sleet or frozen rain, had found 
a cover to be necessary, and that others, who had not had sach service, 
had arrived at a different conclusion. Various forms of breech cover 
were designed and tested, among others a metal cover which should 
constitute a part of the gun itself. Any cover of this kind was found 
to be highly objectionable in itself, and the attempt was abandoned. 
Moreover, it seemed better to provide a cover which need only be used 
on rare occasions when it was required. After many trials of leather 
covers, a light canvas cover, nearly waterproof, has been adopted, which 
can be wrapped quickly and securely around the mechanism and which 
can be removed in about four seconds if a sudden emergency requires 
immediate use of the arm. This cover weighs only 3 ounces. It is flex- 
ible, and can be folded in a small package and carried by the soldier in 
his pocket without trouble; it is inexpensive and its loss is not serious. 
Arrangements have been made for the issue of these covers to officers 
when going on any service that may render their use desirable. 

FIELD AND SIEGE CARRIAGES. 

Economy indicates the advantage of manufacturing all our field and 
siege carriages at this arsenal. Ample and most excellent shops were 
completed many years ago for this purpose and are available. Shop G 
was especially designed for this work. The limited plant which has 
be.en accnmidat^ for this work was installed in Shop C and the general 
machine shop, which occupies two stories of one wing of this building. 
It is totally inadequate for producing carriages as fast as is necessary 
and has seriously crowded and interfered with the other manufacturei 
carried on in this shop. The installation of this machinery in Shop O 
has therefore been commenced. It is very desirable that a sufficient 
plant should be installed for the production per annum of about 150 
field carriages, 225 caissons, 25 battery wagons and forges, and about 
36 siege carriages, with their limbers. This is the lowest rate of pro- 
duction that will provide the siipply of carriages that would be abso- 
lutely necessary for immediate issue in case of emergency, and common 
prudence dictates that this plant at least should be provided. In 
installing the plant the work must be so done that the plant can 
be quickly extended in time of war to occupy the whole 3 acres of 
available shop floor in this shop. An estimate of $28,0(K) is included 
in the annual estimate this year for this plant. The work is of such 
extreme importance that prudence makes it almost imperative. 

LKJHTINO. 

It is essential that arrangements should be madeto ruji some portion 
of the shops at night, as more than once it has become necessary, where 
special elfort was required to turn out certain stores promptly, to do 
night work, which, on account of Inadequate lighting, caused consider- 
able difficulty, as lamps and candles had to be used. A partial lighting 
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plant bas been established, but it is not sufficient for general illumina- 
tion of the olfices and shops. More light should be provided, and an 
estimate for such a plant is submitted. 

IIOCK ISLAND BRIDGE. 

The reconstruction of the superstructure of the combined railroad 
and wagon -road bridge over the Mississippi River from the arsenal to 
Davenport (known in acts of Congress and reports as the " Rock Island 
Bridge") was brought to a successful conclusion in the fall of 1896. 

The original bridge was completed in 1871. At the time of its 
construction it was deemed to possess sufficient strength to meet the 
utmost future requirements for traffic. The railway traffic has, how- 
ever, been multiplied many times beyond expectations. The weights 
of engines and cars and their loads have been multiplied in recent 
years. The wagon way has been thrown open to the use of the public 
and has become thronged with traffic, which was not intended when the 
bridge was constructed, and its use by electric street railways has been 
permitted, all of which has overloaded the bridge and subjected the 
structure to strains for which it was not intended. The old bridge, 
under these circumstances, has lasted twenty-five years. The deterio- 
ration due to this overloading and long service caused the commanding 
officer (Ool. A. R, Buffington), in 1894, to report the necessity for recon- 
structing the bridge. In 1869, when the bridge was originally planned 
by the Ordnance Department, it was intended that it should provide 
for a double-track railway. Through some changes which crept into 
legislation the bridge was constructed to provide for only a single- 
track railway. The increase of traffic made a double-track railway 
absolutely necessary, and the use of the wagon way by the public and 
by street railways also made a wider wagon way very important. 

As the strains due to overloading the bridge rendered its reconstruc- 
tion necessary, it was determined that the new bridge should have 
sufficient width for the double railway track and the increased width of 
the wagon way, and it has been so constructed. 

The act of Congress authorizing the reconstruction of the bridge was 
approved March 2, 1895. The conditions of its erection required the 
contractors to keep the railroad track intact across the river for the 
passage of trains, and the erection of the draw span was provided for, 
so as to insure that there should be no obstruction to river navigation. 
These conditions were met to such an extent that navigation was inter- 
rupted for a few hours only. Each span of this structure is practically 
an independent bridge, and of such a character, with respect to material 
and design, as to meet the needs, not only for the present, but it is 
believed for a long time in the future. 

Bidders were permitted to submit their own designs, and bids were 
based on them, as well as on the Government design, in order that every- 
one desiring to do so should have an opportunity to bid. Thus the 
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work was thrown open to the greatest possible competition, and the 
Government was given fiill latitude in making its award consistent with 
the exceptional material and workmanship demanded. 

The cost of the bridge has been $490,000, the amount appropriated 
for it, of which but 3 per cent has been expended for inspection and 
expert services. For a structure of this magnitude these expendi- 
tures will compare favorably with the cost of any bridge of like char- 
acter now existing. The work of reconstruction was under the charge 
of Col. A. li. Buffington, Ordnance Department, the commanding officer 
of the arsenal at the time. 

It is regretted that in the erection of the bridge two lives were lost, 
but the responsibility in each case appeared very clearly to rest with 
the men injured, and could not be charged to negligence on the part of 
the contractors. 

Pending the construction of this arsenal, from 1870 to 1886, the 
annual reports describing the operations of its construction were gen- 
erally published in the annual reports of the Chief of Ordnance. One 
of the features of these reports, most valuable for future reference, was 
the descriptions of the foundations of the buildings. The report of the 
operations for the year 1878 for some reason, was not published, and in 
this report was the description of the foundations for Shop G. As this 
description is important, an extract from the annual report of 1878 
•ontainiug the description and drawings of the foundations of this shop 
is published as an appendix to this report. 

WATERVLIET ARSENAL. 

8E AGO AST-GUN FACTORY. 

During the past year work on gun construction has progressed satis- 
factorily and as steadily as the supply of forgings and the state of the 
appropriations for finishing and assembling guns would permit. In 
the early part of the year the force of machinists in the large gun shop 
was increased to nearly its full capacity for day work and a night force 
of about forty machinists was added. The use of two shifts has been 
•ontinued throughout the year, and has resulted in an increased output 
and a considerable saving of cost of production. 

In the manufacture of seacoast guns of model 1888 considerable diffi- 
culty has been experienced in securing suitable bronze castings for 
breech plates and consoles, which has delayed more or less the manu- 
facture of the guns. In guns of new design, model 1895, no breech 
plates are required, and the difficulty with the consoles is avoided by 
the use of cast steel instead of bronze. 

The reductions made by Congress on the Department's estimates for 
forgings for seacoast guns for the three years previous to 1890 have 
been seriously felt this year in the limited supply and slow rate of 
deliver}' of the forgings, and has materially affected the yearly output 
of finished guns. So noticeable was this that toward the close of the 
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year the entire hoop, tube, and jacket departments had not a single 
forging in hand. In spite, however, of the diflSculties and delays men- 
tioned, the output for the past year, as given below, is greater than that 
of any previous year. The number of gun s completed i n the seacoast gun 
department during the year is as follows : Thirteen 8-inch, twenty-two 
lOinch, and seventeen 12.inch guns. To obtain the output for the year, 
tlit' amount of work on guns in hand and unfinished at the beginning 
and end of the fiscal year should be taken into consideration. In doing 
this the output for the year is as follows: 6.65 8-inch guns, 21.2 lO-inch 
guns, 19.9 12-inch guns, and 7.35 12-inch mortars, or a total output oi 
55.1 heavy cannon, being about 50 per cent more than the output for 
any preceding fiscal year. The tonnage output for the year was 1,876 
tons of heavy cannon, an increase of 61 per cent over the largest out- 
put of preceding years. The saving in cost of finishing and assem 
bling during the past year has been about 20 per cent over the cost oi 
preceding years. 

FIKLI) AND HIEGK «UN FACTORY. 

In the small gun shop the six 7-iuch B. L. siege mortars unfinished at 
the close of the last fiscal year have been completed. For several months 
afterwards this shop was without work, but in December last orders 
were placed for the manufacture of thirty 3.2-inch B. L. rifles, ten 
5-inch B. L. siege rifles, ten 7-inch B. L. siege howitzers, and twenty 
7-inch B. L. siege mortars. The first forgings, however, for these gune 
were not delivered until the middle of March. Work on all these can- 
non is now in progress. Two 5-inch R. F. guns have been under manu- 
facture during the year; one, a built up gun with the Driggs-Schroedei 
breech mechanism, is completed; the other, a single-forging gun witli 
Gerdom breech mechanism, is nearly completed. 

Considerable other work has been done in this shop, such as repair! 
of siege guns, small parts for the breech mechanism of seacoast gun» 
and other guns, and the preparation of gauges, templets, inspecting 
instruments^ etc., for the use of inspectors at other establishments. 
The shops are now provided with a complete outfit of jigs, standard 
templets, and gauges, to insure accuracy of finish and interchangeability 
in various parts of service guns. 

LOWER SHOPS. 

The carpenter, blacksmith, and machine shops east of the canal have 
been run uninterruptedly during the year by the water power, with t\w 
exception of a few weeks occupied in the repairs of the canal by the 
State, during which [)eriod these shops were satisfactorily (,perated by 
electri(;al connection with the gun shops and the temporary conversion 
of an electric light dynamo into a motor. These shops have been util- 
ized, as heretofore, in connection with the electric plant, for the re])aii 
and construction work of the arsenal and gun plant, in painting and 
boxing projectiles, the manufacture of armament chests for sie^e and 
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seacoast guns, tools and implements for the same, and penthouses for 
8 and 10 inch B. L. rifles mounted on depressing carriages; also the 
preparation and issue of shells for field and siege guns and the manu- 
facture of gas-check pads of various calibers, together with numerous 
articles for filling current orders for supplies. A material reduction 
has been made in the cost of some of these items, especially in the 
armament chests, and it is expected that a further saving in the cost of 
tools and implements can be effected during the coming year. 

BUILDINGS, PLANT, AND OTHER CONSTRUCTION WORK^<JUN FACTORY. 

The equipment of the south wing for finishing and assembling 16-inch 
B. L. rifles has been completed. All four of the 16-inch gun lathes 
which were in process of erection last year were, upon completion, 
carefully inspected, and some work on 12-inch guns and jackets has 
been performed on them to test their efficiency. The machines have all 
worked satisfactorily. All shafting, belting, and friction clutches for 
these lathes have been completed and successfully operated. 

Some changes have been made in the hoop and jacket furnaces to 
accommodate them to the increased lengths of those parts in guns ot 
model 1895. The increased length of the jacket in guns of this model 
has also necessitated a lengthening of the jacket lathes in the soutli 
wing. A trolley rail with differential hoist has been placed over these 
lengthened lathes in order to facilitate hoisting the heavy cutter threads 
and taking them in and out of the boring bars. An experimental oil 
furnace for shrinkage operations has been constructed with the view of 
obtaining some data and experience in this line before proceeding with 
the construction of one large enough for 16-inch guns. The results so 
far have been satisfactory. 

WATER-POWER PLANT, ELECTRIC LIGHT AND POWER PLANT. 

The water-power plant, as previously described in last year's report, 
has been in successful operation during the year. It has been neces- 
sary, however, on several occasions to run the lower shop by means of 
electricity from the gun shop, and it has been both safe and economical 
to do so when the water-power plant is out of action. In order to 
increase the motor capacity, arrangements have been made whereby 
both generators at the lower station can be operated as motors simul- 
taneously, thus giving a capacity sufficient to run the pumps and all 
the machinery in the lower shops at the same time. 

The electric light and power plants have been operated during the 
year with satisfactory results, very little repair having been necessary. 
The electric motor for the main hoist of the 60- ton crane has, on several 
occasions, been overheated, destroying* the insulation and causing short 
circuits. This is due to the great strain on this motor, in which the 
whole weight being suddenly applied there is no opportunity for a 
gradual increase of the speed and power of the motor. 
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WATER 8UPPLY. 



The new water tower with its equipments has been in successful 
operation during the year. A new tank and supplementary 5-inch dis- 
tributing main have been installed. The connection of the 5 inch force 
pump with the 6-inch distributing main lying north and east of the 
lower shops has been made, and the following advantages obtained : 
The post can now be supplied by means of the 6-inch and 8-inch dis- 
tributing mains in case of accident or repairs to the 5-inch force main ; 
also in case of fire the pumps can force water through the 5-inch force 
main and 6 and 8 inch distributing pipes at the same time. In order 
to more fully protect the gun factory buildings against fire, a new 6-inch 
pipe was laid and a number of hydrants placed around the entire south 
end of the large gun shop. This new pipe is connected with the 8-inch 
distributing main. 

For the inside protection of the gun shop a complete circuit of 4-inch 
water pipes has been laid, to which are connected twenty-six 3-inch 
valves, supplied with 50 feet of fire hose, with nozzles attached. 

The above arrangements are shown on plates accompanying the 
reports of the commanding oflBcer, Watervliet Arsenal, which form an 
appendix to this report. 

WATERTOWN ARSENAL. 

8KACOA8T-GUN CARRIAGE FACTORY. 

The shops at this post have been employed to their full cai)acity 
during the year, and for several months the more important tools were 
kept running sixteen hours a day. Aside from the purchase of some 
small drills, bench lathes, improved grindstones, vises, etc., the princi- 
pal addition to the manufacturing plant has been an iron planer 12 feet 
2 inches by 10 feet by 25 feet. This tool has the requisite capacity for 
the manufacture of 12-inch disappearing carriages, and as regards all 
other heavy work, its capacity, stiffness, and accuracy permit of doing 
the work both quickly and well. 

Among the machine tools on hand, some few planers, lathes, boring 
mills, shapers, and slotters, which were part of the original equipment 
of the shops before the installation of the present carriage plant, have 
now become worn out and need to be replaced by new and more im- 
proved tools. For this purpose there is an available appropriation of 
$15,000, which is about one-half the sum that will be required. The 
following carriages, which were under construction at the beginning of 
the year, have since been completed, viz: One 10-inch disappearing 
carriage, model 1894; six 12-inch mortar carriages; two 15-inch altered 
smoothbore gun carriages; six 7-inch siege-uiortar carriages. The fol 
lowing carriages were commenced and have been completed during the 
year, viz: One 12-inch disappearing carriage, model 1890; four 12 inch 
barbette carriages, model 1892; five 10-ineh disappearing carriages, 
model 1894; two 8-inch disappearing carriages, model 1894; twenty 
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7-inch siege-mortar carriages and platforms; twenty 3.6-iuch field mor- 
tars and platforms, and in addition the following have been commenced 
and partially completed : Fonr 12-inch disappearing carriages, model 
1896; three 8-inch disappearing carriages, model 1894, and three 12-inch 
gun lifts to be altered to 12-inch barbette carriages. 

Besides the above work, a certain number of models of siege and sea- 
coast carriages, one-tenth size, have been made for issue to the United 
States Military Academy. 

The manufacture of carriages occupies probably two- thirds of the 
facilities and time of the shops, the other third being occupied in the 
manufacture of cast-iron shot and shell of various calibers, machines 
for garrison service, mechanical maneuvers, for mounting and dismount- 
ing guns and carriages, implements for the service of seacoast guns, 
inspecting templets, gauges, calipers, etc. 

FOUNDRY. 

This shop has been crowded with work to its utmost capacity through- 
out the year. Should an extension of capacity become necessary, this 
can be accomplished by removing some machines from the compartment 
at the west end of the building and extending the foundry to that end. 
It is deemed important that the Department make its own castings, 
not only for economical reasons, but to maintain a high standard of 
quality. Castings of very high quality have been produced here, which 
are sound, free from sand or blowholes, easy to work, tough, and strong. 
The tenacity ruus uniformly in the neighborhood of 33,000 pounds per 
square inch. A crane of increased capacity is also required in connec- 
tion with the enlargement of the foundry. 

Good results have been obtained from the brass foundry. In addi- 
tion to carriage castings, breech plates and consoles for seacoast guns 
have been produced. Some difficulty has been experienced in getting 
good, sound castings for consoles, but the breech plates and other cast- 
ings have shown a tensile strength of 50,000 pounds per s<iuare inch, 
with an elongation of from 30 to 40 per cent. 

FORGING DEPARTMENT. 

A portion of the forgings required in carriage manufacture are forged 
in the smith shop from billets purchased from private manufacturers. 
The largest piece forged was a gun lever axle for a 12-inch disappear- 
ing carriage, the rough-forged weight of which was about 8,400 pounds. 
The facilities are not (juite equal to the requirements for handling such 
large pieces with speed and economy, and it is deemed advisable to 
increase somewhat the facilities of the smith shop by putting in a 15-ton 
crane and larger steam engine. During the year this shop has been 
reconstructed to a great extent. The furnace was rebuilt and made as 
large as practicable, and a larger boiler was put in place. A bolt-head- 
ing machine, capable of making bolts up to 2 inches diameter, has been 
put in, and effects an important saving in the cost of bolts. 

By improved arrangements in the reconstruction of this shop, and 
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by the erection of a la-lioreepower engiue to run tbe shears, a saving 
of aboat«40 horsepower has been effected in the service of this shop, 
while the appearance of the shop and convenience of operations have 
been greatly improved. 

POWER PLANT. 

The boiler plant has been reconstructed and renewed entire during 
the year. The four boilers of 60-horsepower capacity have been replaced 
by three boilers of about 125 horsepower, each at 75 pounds pressure. 
These are set on a line perpendicular to the old line of boilers to admit 
of the entrance of a narrow-gauge track for bringing in coal. The 
machine-shop engine of 150 horsepower is overloaded, and the power 
requires to be nearly doubled. This will be done with money now 
available for the purchase of another engine. The delay is due to 
efforts to secure the utmost economy of space for the increased engine 
plant. In addition to the machine-shop engines, the boilers also supply 
steam to the carpenter-shop engine of about 75 horsepower, and to the 
testing-department engine of 15 horsepower, and heat for all the shops. 

ELECTRIC PLANT. « 

An electric lighting plant was installed during the year. It has been 
now in operation for several months and has given entire satisfaction. 

TESTING DEPARTMENT. 

During the year the testing department has carried on, as heretofore, 
public tests in the examination of material for acceptance, represent- 
ing the current work of this and other arsenals and places where Gov- 
ernment work is in progress. Investigation tests have been continued, 
also tests made for private parties who have availed themselves of the 
use of the testing machine and defrayed the cost of such tests provided 
by law. The public tests of material for acceptance include material 
for field and siege guns, howitzers, and seacoast guns and mortars, the 
test of steel for small-arms barrels and receivers and for machine guns, 
the material used iu 8, 10, and 12 inch carriages, and anchor bolts for 
the same. Tests have also been made of helical springs for mortar 
carriages, balata slabs for buffers, cast and pig iron from the arsenal 
foundry, steel plates for arsenal boilers, chain iron, cast copper cylin- 
ders for pressure gauge, bronze breech plates and loadiug trays from 
Watertown Arsenal foundry, all of which material pertained to the Ord- 
nance Department. Tests of steel bars were made for the Engineer 
Corps, United States Army, chain cable for the Light-House Board, a 
large swivel shackle for the Bureau of Equipment, Navy Department, 
and shot lines for the Life-Saving Service. 

Among the investigation tests are additional experiments on the 
hydrostatic test of the 8-inch tube section, supplementary to the main 
series of tests, which have been completed. The scope of the investi- 
gation of this tube section has been so extended as to include all cases 
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of simple straius and nearly all cases of simultaneous orthogonal strains 
to which the tube of a gun would be ordinarily exposed. The exact 
results, confirmatory as they have been to accepted formulae, are be- 
lieved to have a value fully justifying the large labor involved in car- 
rying out this unusual series of determinations. Heretofore in these 
tests the strains have been maintained within the elastic limit of the 
metal. Preparations are now being made to follow with overstraining 
forces and investigate the effects thereof. Other tests have had for 
their object the determination of the elastic properties and tensile 
strength of steel music wire of high grade. Additional samples of 
"vibration proof" bolts and nuts were submitted by the manufacturers 
for test as to their ability to withstand unlocking while subjected to 
vibratory influences. The tests made confirmed earlier experience and 
failed to substantiate their claim to being "vibration proof" under the 
condition of jarring with hammer blows. 

A number of samples of granite from the State of Georgia, contrib- 
uted by the Geological Survey, were received and tested. Brick and 
terracotta samples, also, from the Pacific Coast and from the State of 
Ohio were tested. Other tests of building materials comprise the test 
of an important series of cement concrete cubes and columns. The 
columns were of different heights, and made up of different proportions 
of cement, sand, and gravel. The ultimate crushing strength of the 
material was ascertained and full observations made on the compressi- 
bility and resilience under successive increments of loads. In this class 
of material, by varying the proportions of the constituents, it is possi- 
ble to exert a controlling influence on both the ultimate strength and 
rigidity as shown by the modulus of elasticity of the columns. The 
prominence which concrete construction is assuming makes the data 
developed by these tests of much practical value in architectural 
designs. 

The strength of cordage was ascertained in another exhaustive series 
of tests. The experiments included manila, hemp, sisal, and cotton 
rope, in the various commercial sizes, from a 6-thread manila line to a 
10-inch rope. 

An interesting series of tests have been made on full-sized wooden 
posts — new posts of long and short leaf pine and spruce and old long 
leaf pine posts from a building where the latter had been in use for a 
period of about fifteen years. The tests represented different degrees 
of dryness of the wood, the percentage of moisture being ascertained 
by test. The strength of the old posts, which were extremely dry, 
largely exceeded the strength of the comparatively green sticks. 

The occasion of installing a battery of new boilers into the arsenal 
plant gave an opportunity to make some interesting observations on 
the behavior of riveted joints in actual construction, supplementary to 
the test of joints in the testing machine. These tests are all described 
with more or less detail in the report of the commanding officer of 

OBD 97 2 
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Watertown Arseual, which forms an appendix to this report, and will 
be given more completely in the forthcoming annual rejiort on the tests 
of metals, etc., at Watertown Arsenal. In eonection with the ticsting 
department at this post an impact machine has been designed. It is 
of the vertical type and will admit of attaining velocities of about 20 
feet per second. The parts of the apparatus are very massive for fur- 
nishing the rigidity required under the shock of testing. 

It is proposed to introduce microscopic metallography in the investi- 
gation of constructive materials, and the appliances necessary to this 
end have been obtained. 

It is unfortunate that the publication of the annual report of these 
tests (its title is "Tests of Metals," etc.) has heretofore been so long 
delayed after the preparation of the report that the public has thereby 
sometimes been deprived of information of a high value for from one 
to two years. Also, a late law has so restricted the number of these 
reports that may be printed that not one third of those called for can 
be supplied. On this account the above somewhat lengthy summary 
of some of the more important tests is inserted here. 

WHARF ON CHARLES RIVER, 
t 

The wharf upon the Charles River, for which there was an appropri- 
ation, has been completed in a substantial manner. A railroad con- 
necting the wharf with the shops and the Fitchburg Railroad is being 
built, which will soon permit the shipment of carriages by both rail 
and water. The latter method is often most economical and convenient, 
when vessels must be employed at the latter end of the route to reach 
fortifications. The larger carriages can be shipped in no other way, 
as some of the parts will not pass through railroad bridges and tunnels. 

OFFICE. 

A suitable office for this arsenal has become an absolute necessity. 
The present office was constructed in 1816, for an establishment of 
about one-tenth the capacity of the present arsenal. The office duties, 
including the drafting department, are probably twenty times as much 
as the duties performed when this office was built. The building is 
insufficient in capacity, is not fire proof, and is totally unfitted for present 
requirements. An urgent request for a suitable office is included in my 
annual estimates for this arsenal for the present year. 

NORTH BEACON STREET. 

The matter of the condition and control of North Beacon street is 
calling for some definite settlement. April 25, 1824, the President 
of the United States gave a revocable grant to the Waterford Turn- 
pike Corporation for the passage of a turnpike road through the lands 
of the United States at this arsenal. This road is now a part of North 
Beacon street, one of the main avenues of travel between Boston and 
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Watertown and the towns beyond. The turnpike corporation long ago 
passed out of existence and the road reverted to the United States. 
It is, however, used by the public and is nominally under control of the 
town of Watertown. But it is in bad order for travel, very little repair 
is ever made to it, and no police supervision is exercised over it. It is 
unsafe for travel at night by reason of want of police control. An act 
of Congress should grant the road to the town of Watertown. 

SPRINGFIELD ARMORY. 

The manufacture of new arms during the year ended June 30, 1897, 
comprised 28,899 magazine rifles and 2,930 magazine carbines, model 
1896. The rifles of model 1892 on hand have been fitted with sights of 
model 1896, and altered to introduce as far as practicable the improve- 
ments pertaining to the later model. During about two and one-half 
months of the year the quality of steel for barrels required was not 
furnished by the contractor. This caused a suspension of the manu- 
facture of barrels and the assembling of completed arms, though the 
manufacture of the other parts of the arm was continued. The delivery 
of suitable steel for barrels commenced in May. The rate of production 
of barrels was then increased, and the number of arms assembled was 
increased to 200 per day. This will continue until the accumulated 
parts are exhausted, when the production will be reduced to the regu- 
lar rate of 120 arms per day. This has reduced the output of arms 
slightly for the year, and will increase slightly the output during the 
I)resent year. 

A high state of efficiency has been reached in the methods and appli- 
ances for manufacture, and arms of superior quality and workmanship 
are being produced. The continued minor changes in operations made 
during the year to improve methods and reduce the cost of manufacture 
are outlined in the appended report of the commanding officer of the 
armory. By the introduction of "face milling" machines one machine 
has taken the place of nine plain milling machines, and the amount of 
work per day increased several fold. The use of gasoline gas in the 
water shops has been largely abridged, the forges have been altered to 
burn coal, and city gas introduced for illuminating purposes. An elec- 
tric-light plant is required for lighting these shops and an estimate for 
it has been made, as well as for needed additions to provide closets in 
connection with these shops and the milling shops. 

In the main arsenal an hydraulic lift has been erected, capable of 
carrying a load of 1,200 pounds to the third floor. This has added 
greatly to the value of the building as a storehouse. 

The city has recently graded and macadamized the portion of Allen 
street, the property of the United States, lying along the land about 
the water shops, and the tracks of the Springfield Street Railway are 
now to be extended over Allen and Mill streets, under a "revocable 
license" granted for that purjiose by the Secretary of War. 
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FRANKFORD ARSENAL. 

The plant for small-arms ammanition has been increased by the addi- 
tion of some machines and has a present capacity for about 34,000 ball 
cartridges, caliber .30, and 16,000 miscellaneous cartridges; total, 50,000 
per da3^ During the past year there were manufactured about 15,400,- 
000 ball and blank cartridges of calibers .30, .38 (revolver), and .45. 
Of the 6,771,620 ball cartridges, caliber .30, manufactured, 5,872,240 
were required to be issued to the service, leaving only a small reserve. 
During the present year a greater number of these cartridges will be 
made, but at the expense of the capacity of the plant to produce other 
ammunition. Any material increase of this capacity is prohibited by 
the inadequacy and crowded condition of the buildiugs now occupied, 
and it is hoped that the estimates will be granted which have been 
submitted for Temoving this plant to another building, now vacant, at 
the arsenal. 

Minor improvements have been made to increase security from dan- 
ger of explosions attending the operations of manufacture and from 
fire. With the cartridge-loading machine in use at this arsenal it is 
known that a charge of 4 or 5 pounds of black powder would not, if 
exploded, injure the operatives or affect the building. This has been 
previously proved experimentally and by an accidental explosion when 
three operatives were at the machine. An experiment has been 
recently made with the smokeless i)owder now in use, i>urposely placed 
in the loading machine under the most adverse conditions. The charge 
of 4 pounds burned with an intense flame about 6 feet high, but no 
explosive effect. 

The production of artillery ammunition has included shrapnel for 
3.2inch, 3.6-inch, 5-inch, and 7-inch cannon; canister for 3.2-inch gun, 
and fuses, with a number of sights for cannon, including the brackets 
for fitting telescopic sights to seacoast guns, gunners' quadrants, can- 
non primers, and inspecting instruments. A design of shrapnel, 55 
pounds, for the 5-inch rapid-fire gun has been prepared and samples 
made which are now awaiting test in the gun at the Sandy Hook 
Proving Ground. The manufacture of drawn cases for 3.2-inch field 
gun has been suspended for the present. Several new designs for 
3.2-inch shrapnel have been prepared with a view to improvement upon 
the present projectiles, and samples of these of four diff'erent patterns 
are now being made for trial. 

The experimental work of the arsenal has included investigations of 
the cause of brittleness in fired cartridge shells, looking to the produc- 
tion of a good reloading cartridge for smokeless powder; the determi- 
nation of data for the trcyectories of the .30-caliber rifle and carbine 
and of the effect of temperature on the cartridges in producing changes 
of velocity, and tests of varieties of smokeless powder and their ero- 
sive effect in the rifle. The chemical laboratory has been continuously 
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employed in the examination and tests of material, including powders, 
explosives, oils, and cartridge metal. Several reports of the oflftcers 
concerned in these investigations are herewith appended. 

SANDY HOOK PROVINO GROUND. 

Firings for experimental and proof purposes have been conducted 
daily during the year whenever the weather and other circumstances 
would permit. The nature of these firings and their results are sum- 
marized in the pages appended to the report of the commanding oflBcer 
of Sandy Hook Proving Ground. 

In connection with the installation of the new machine tools men- 
tioned in my last report, a wing has been added to the machine shop, 
a central portion of the floor of which is provided with a broad-gauge 
track connected with the regular railroad system of the post. Cars 
containing guns, the heavy parts of carriages, etc., requiring repairs, 
can now be run directly into the shop for that purpose. The efficiency 
of the shop is thus greatly increased, and the changes and repairs 
constantly required in connection with the experimental firings and 
tests can now be effected with greater promptness and economy than 
heretofore. 

The following guns, mortars, and carriages of new construction have 
been issued from this x)Ost during the year for installation in seacoast 
fortifications built especially for their reception : 

Two 8- inch B. L. rifles, steel; 
Twenty-eight 10-inch B. L. rifles, steel; 
Six 12-inch B. L. rifles, steel ; 
\ Six 12-inch B. L. mortars, steel ; 
Six 10-inch disa2)pearing carriages; 
One 12-inch barbette carriage; 
One 12-inch gun-lift carriage; 
Six 12-inch B. L. mortar carriages. 

During the month of November a heavy easterly gale carried away 
about 3,500 feet of the narrow neck of sand which joins the reservation 
to the mainland of the State of New Jersey, and over which neck the 
railroad ran connecting the proving ground with the Central Eailroad 
of New Jersey. Fortunately, the piles of the trestlework built over 
this neck were driven about 5 feet into clay. This trestlework was, 
therefore, in no way injured by the storm. It has been found necessary, 
however, to extend the trestlework for 1,350 feet, in order to maintain 
the necessary connections. This work was done at the expense and 
under the direction of the Quartermasters Department. A great re- 
duction in cost of transportation, not only directly, but on account of 
the competition with water transportation, has resulted from the exist- 
ence of this trestle, fully justifying the expense incurred in its erection. 

An electric plant for exterior illumination, the lighting of officers' 
quarters, and for use in connection with the experimental firings and 
tests, has been installed at the proving ground during the past year. 
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For the plant there were already on hand a high-speed engine and 
dynamo an a part of an electric hoisting plant. To complete the plant 
called for, the purchase of a storage battery placed in i>osition, wiring 
of the office and officers' quarters, and the purchase of fixtures only 
was necessary. 

The battery -room is located in the cellar of the office building, which, 
by putting in a concrete floor and larger \^indows, furnished an excellent 
location. Besides lighting, the battery is used in the office for the call 
bells, the annunciator, the anemometer, and the Boulenge chronographs, 
as well as for firing and testing purposes. It permits of dispensing 
entirely with the primary batteries, which had been used exclusively for 
these x^iiri>oses. The storage-battery cells, on account of their internal 
resistance being negligible, and having a constant voltage for small 
currents, furnish the very best type of cell for the chronographs, or in 
fsLct for any work in which an absolutely constant current is essential. 
Each Bouleng<? chronograph is provided with a group of four cells in 
the battery, and the resistance of the wires is made so small that it 
enables the current for both registrar and chronometer to pass through 
a make-and-break switch near the instrument. This switch breaks the 
currents in \)ot\i the registrar and chronometer simultaneously, elimi- 
nating any error in the time of disjunction, except that due directly to 
the magnets themselves, and replaces the disjunctor, which has always 
been a sf>urce of error. The battery wiring is done entirely with No. 6 
cop[)er wire, okonite insulation. The maintenance of the battery is 
trifling in cost compared with that of the primaries. About twice a 
week the cells are refilled with water to replace loss by evaporation, 
and to maintain the specific gravity of 1.2. The cells rarely demand 
acid. 

SMALL ARMS AND SMALL-ARM AMMXTNITION. 

• 

All of the .30-caUber magazine rifles and carbines manufactured dur- 
ing the year are of model 1896, a The distinguishing features of this as 
compared with the model 1892 were described in General Orders, No. 
14, Adjutant-Generars Office, March 31, 1896, except, as since intro- 
duced in manufacture, the strengthening of the safety lock by adding 
metal to the thumb piece to obviate accidental breakage, and a recep- 
tacle made in the butt of the stock for carrying a small oiler of brass, 
nickeled, in each arm, with the sectional cleaning rod. 

A useful manual entitled ** Instructions for United States magazine 
arms, caliber .30, in the hands of troops," is contained in the appended 
report of principal operations by the commanding officer of the Spring- 
field Armory. These instructions have been supplied to the troops. 



a In my lant aiiunal report the following sentence appears near bottom of page 17, 
with reference to the rear sight, model 1896, viz: *'Thi8 position is fonnd to give a 
clt)fle correction for drift at all ranges up to 1,000 yards.*' 

Tills is incorrect, and the sentence should read : In this position the deviation due 
to drift will be, at most, slight at all ranges up to 1,000 yards. 
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Their principal object is to enable the repairs of arms and replacement 
of parts which must be performed by the troops to be done intelligently, 
and they contain in a condensed form a statement of the parts which 
are most liable to require repair, with invstructious for replacing broken 
parts, for precautions to be observed therein, and also for the use of a 
partially disabled arm. The last is particularly important since it is 
one of the valuable features of this arm that the independence of the 
magazine mechanism is such that this mechanism may be totally dis- 
abled without interfering with efficient use of the arm as a single 
loader. 

Steel for .30-caliber gun barrels. — The steel now used for barrels at 
tbe Springfield Armory is a simple carbon steel made by the Bessemer 
process from carefully selected material and required to give a deter- 
mined analysis. The physical qualities required are: Elastic limit, 
70,000 to 75,000 pounds; tenacity, 100,000 to 120,000 pounds; elonga- 
tion, 15 to 20 i)er cent, and contraction, 35 to 45 per cent. It is received 
in bars 1.15 inches in diameter, from which the barrels are made. This 
standard has been reached with considerable difficulty and the exami- 
nation and test of numerous samples of steel furnished by difterent 
makers. Various methods of treatment have also been investigated 
to put the barrels in good condition for machining, and to restore the 
properties of the metal after the rolling operation. It has been deemed 
necessary to subject the barrels to a pressure of about 75,000 pounds 
in proof, in order that only reliable barrels may be allowed to pass. A 
number of barrels have been made from nickel steel, resulting in a 
large percentage of rejections in the progress of finishing them. More 
difficulty was experienced in machining these barrels than with simple 
carbon steels, and the great difficulty that appears to exist in producing 
tbis metal uniform in structure and free from seams gives little encour- 
agement for its further trial at present. 

Investigations are being made to determine the practicability of 
applying the Rodman process to increase the resistance of the barrel 
by interior cooling. 

In the course of experiments at the Springfield Armory to determine 
the extent of erosion in barrels of different steels, a number made of 
nickel, open hearth, and Bessemer steels have been tested by firing 
6,000 rounds from each barrel, in groups of 500 rounds fired in thirty 
minutes. Some other barrels remain to be tested in this series of 
experiments and no complete report of the results has yet been received. 

Tables of jire^ ,30 caliber rifle and carbine. — Extensive firings have 
been made during the year to determine the elements of trajectories 
for these arms, including drift and the effect of wind, and data for com- 
putations. The results have not yet been wholly compiled, but will be 
published in the appendices to this report. The attainment of suffi- 
ciently accurate results in these experiments involves many difficulties, 
especially the firings for determining the effect of winds of varying 
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velocities. Some 15,000 rounds have already been fired, most of them 
at the Springfield Armory firing ground. For some of the longer ranges 
the firings were made at the Sandy Hook Proving Ground. By meas- 
urement of the remaining velocity at 500 yards range a value for the 
coefficient of reduction, C=0.9, for the bullet was obtained as applica- 
ble to both arms. The difference in muzzle velocity of the rifle and 
carbine firing the same ammunition is found to be about 80 feet per sec- 
ond. The tables of fire for the two arms, appended hereto, have been 
computed and farther verified by comparison with trajectories of the 
arms determined by firings. The maximum range computed for the rifle 
is 4,066 yards, angle 'of elevation 44^, time of flight 34.6 seconds, and 
for the carbine 4,016 yards, angle of elevation 44^, and time of flight 
34.3 seconds. In firing lying down against infantry, and aiming at the 
foot of the object, supposing the ground to be level, a distance of 565 
yards may be taken with the rifle in which the bullet in its flight will 
not pass above the height of a man (68 inches), and similarly the danger 
range of the rifle against cavalry is 638 yards, taking 96 inches as the 
height above the ground of a man on horseback. 

Kecent experiments at the Springfield Armory have shown the fol- 
lowing penetrations in firing with the .30-caliber magazine rifle with 
service ammunition and targets placed at 53 feet: 

Iron boiler plate, 0.4 inch thick, backed. Penetrated. 

Iron boiler plate, 0.468 inch thick. Penetrated. 

Same plate, backed. Penetrated 0.46 inch and bulged plate at back. 

Iron boiler plate, 0.566 inch thick, backed. Penetrated 0.255 inch. 

Soft steel x)late, 0.2 inch thick, backed. Penetrated. 

Seasoned oak across grain, exceptionally hard and tongh. Penetrated 20.7 inches. 

White-pine target of 1-inch boards, spaced 1 inch apart. Penetrated 45.8 inches 
of pine. 

At 500 yards range, in the same target, the penetration for the .30-caliber rifle was 
19.85 inches of pine; for the .30-caliber carbine, 17.96 inches; and for the .45-caliber 
Springfield rifle (lead bullet, 500 grains), 12.85 inches. 

At 1,000 yards range, in the same target, the penetrations in pine were : .30-caliber 
rifle, 11.44 inches ; .30-caliber carbine, 11.22 inches, and .45-caliber Springfield, 8.44 
inches. 

An interesting report is appended of experiments made at the Frank- 
ford Arsenal to determine the deviation of .30 and .45 caliber rifle 
bullets from wind pressure produced by artificial means. When the 
two bullets suspended as pendulums were exposed to the same blast of . 
wind for a period of time the .30-caliber bullet was deflected more than 
the .45 caliber. But when the shorter time of flight for the .30 caliber 
for a given range is considered it appears that this bullet should be 
less deflected by the wind than the .45-caliber bullet in actual firings. 
The deductions from the experiments are that the deviation of the .30- 
caliber bullet due to wind should be about two-thirds that of the .45 
caliber at 200 yards range, with increasing proportion up to about nine- 
tenths that of the .45 caliber at 2,000 yards range. These results can 
not be^taken as a true representation of the effect of wind upon the 
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same projectiles iu actual flight, for the circumstances are different, but 
are instructive and useful for comparison, since a correct determination 
of the wind effect by direct experiments in actual firing is, as is well 

known, very difficult of accomplishment. 

I 

REVOLVERS. 

The troops in service are now fully armed with the double and single 
acting Colt's revolver, caliber .38, model of 1894, except the batteries 
of light artillery, which are armed with the former service pattern of 
.45-caliber revolver, having the barrel shortened to 5.5 inches. The 
exchange of .38-caliber revolvers, model 1892, in service for those of 
model 1894 has been accomplished, and the revolvers of model 1892 
turned in will be altered to model 1894 for reissue as required. 

The reports from service use of the .38-caliber double and single act- 
ing revolver are generally favorable, but the rather complicated 
mechanism of the arm requires it to be handled with more care than 
the .45-caliber single-acting revolver, recently in service. An unusual 
number of repairs are called for from the service. The caliber of the 
arm and weight of bullet are also thought to be too much reduced for 
efficient cavalry service, and with the view to the adoption of a new 
revolver when the present supply requires replacement the question 
is now being considered of designing a revolver which will be less com- 
plicated than the present .38-caliber pattern, to be of larger caliber and 
use a heavier bullet with relatively low velocity. 

The new features in the .38-caliber revolver which add to complica- 
tion of the mechanism are (1) the appliances for revolving the cylinder 
to one side for loading and for simultaneous ejection of the empty 
shells; (2) the double-action or self-cocking attachment. Request was 
made in November, 1896, for opinions in regard to the advantage or 
efficiency in combat of these two principal features of the revolver 
from all troop commanders in the service. These rei)orts have been 
received and will be given due consideration in connection with ques- 
tion of caliber and ballistic requirements of the revolver. 

SMALL-ARM AMMUNITION. 

The .30-caliber ball ammunition with strengthened case, the manu- 
facture of which was begun in September, 1895, and the blank cartridge 
with paper bullet have given satisfactory results in service, and no fur- 
ther changes in ammunition have been introduced. The supply of the 
pattern of ball cartridge made prior to September 1, 1895, has been 
exhausted and their use discontinued in service. The former model of 
.30-caliber blank cartridge with black-powder charge has also been 
entirely displaced in service by the paper-bullet blank cl^arged with 
smokeless powder. 

The expectation that the fired .30-caliber cartridge shells turned in 
from the service could be used for reloading has not been realized. 
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The metal of the case in a comparatively short time after being fired 
with smokeless powder generally becomes brittle and unfit for fiirther 
use. Investigations are now being made to produce a reloading car- 
tridge. The principal cause of brittleness in the present shell, which is 
made of brass (70 copper and 30 zinc), has been traced to the action of 
the mercury in the primer composition on the metal of the case, par- 
ticularly on the zinc. The loaded cartridges when new can be safely 
kept. Xo deterioration occurs until after firing, when the primer is 
burned and the gases liberated within the case. At the present stage 
of the investigation it is expected that a serviceable reloadmg car- 
tridge will be produced by reducing the amount of mercuric fulminate 
in the primer, in conjunction, possibly, with the use also of an alloy of 
copper for the metal case containing a reduced percentage of zinc. 

Another form of reloading case was proposed by Lieutenant Dunn in 
April, 1897. The feature of the design is a sliding base sealed with a 
rubber ring. It is in some respects similar to the Morse cartridge, but 
differs from it in essential particulars. It offers the advantage of using 
an alloy for the case containing a relatively small percentage of zinc, 
such as gilding metal, so called (93 copper, 7 zinc), which is little sus- 
ceptible to the brittleness stated, but which when made into the present 
form of solid head case does not afford sufficient strength of cartridge 
with the high pressures attained in the .30-caliber rifle. A quantity of 
cartridges have been made and tried on this design with favorable 
results for reloading endurance. Their durability under continued 
storage tests is now being tried. 

Investigations have been made upon the utility of tinning the case of 
.30-caliber cartridges charged with smokeless powder. The conclusions 
reached are that under normal conditions of storage, brass cartridge 
cases do not need protection against erosive action of either black or 
smokeless powder. When moisture is present in excess or when the 
powder has suffered material decomposition, a slight protection, acting 
at least to defer such action, is afforded by the tin coating, and this, taken 
in connection with the neat and distinctive appearance given to the 
finished product, is sufficient to justify the use of tinning. This practice 
was introduced in the manufacture of small arm cartridges at Frank- 
ford Arsenal in 1888, when brass was substituted for copper as the 
material for the case of reloading ammunition. 

Effect of temperature on velocity, — It has been observed that there is 
a marked tendency to rise and fall of velocity of smokeless-powder 
ammunition, depending upon the temperature of the cartridge when 
fired in the arm. Recent experiments have been made with ,30-caliber 
rifle cartridges to determine the changes in velocity for a scale of tem- 
peratures ranging from —40 to 4-130^ F. at intervals of 10 degrees. 
Each lot of cartridges was brought to proper temperature by expo- 
sure for twenty-four hours in a chamber having the desired temperature. 
From these experiments and the data derived from repeated "heat" and 
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^^colcP' tests previously made in the laboratory at Frankford Arsenal, 
the following average results for service ammunition have been deduced : 
The velocity of the .30-caliber rifle varies about 120 feet per second 
between the limits of temperature given. Taking the standard of 2,000 
feet per second for a temperature of 70'^ at proof, it diminishes for 
each 10° fall of temperature by decrements varying from 8 to 3 feet 
per second, and at — 40^ loses about 43 feet per second ; and for each 
lOo rise of temperature it increases from the standard by increments 
of from 10 to 12 feet per second, and at 130^ gains about 65 feet per 
second. 

,45 caliber ammunition, — ^The recent law extending the use of the .45 
caliber Springfield rifle by the militia has caused renewed attention to 
be given to the improvement to be gained by the introduction of 
smokeless powder in caliber .45 ammunition. The present service car- 
tridge uses 70 grains of black powder, with 500-grain lead bullet, and 
the standard muzzle velocity is 1,316 feet per second. The experiments 
now in progress contemplate the use of a smokeless-powder charge. 
They are directed to a selection of the most suitable smokeless powder, 
and perfecting the ammunition in other respects, on two propositions 
between which a choice can be ultimately made: (1) To simply sub- 
stitute a charge of smokeless for the black-powder charge in the 
present cartridge which will give the same initial velocity. This would 
result in a reduction of the shoik of recoil of the arm, whilst preserv- 
ing its ijresent well-recognized ballistic properties, particularly for 
long-range firing, and simplify the introduction of the ammunition in 
service, since no change would be required in the sights of the arm. 
(2) To reduce the weight of bullet to about 400 grains, and use a charge 
of smokeless powder adapted to give a muzzle velocity of 1,600 feet per 
second or higher. This would give greater flatness of trajectory up to 
a range of 1,000 yards, and by materially decreasing the weight allow 
a greater number of rounds to be carried per man. Its introduction 
would involve a change in the present rifle sights and perhaps an 
increase in cost of manufacture due to the possible necessity for jacket- 
ing the lead bullet. 

SMOKELESS POWDER. 

The Peyton powder at present manufactured by the California Pow- 
der Works and the I)u Pont Company is now used for the .30-caliber 
service ammunition and is satisfactory. In addition to the contracts 
made with these companies for the supply of powder during the cur- 
rent year, a contract has been made with the Laflin & Eand Powder 
Company for a quantity to be delivered subject to test, and this com- 
pany is now experimenting to produce a .30-caliber powder along the 
lines of its W-A powders. In previous tests this powder has shown 
excellent ballistic results, but produced undue erosion of the bore of 
the rifle. It has been found that the endurance of a rifle firing the 
Peyton powder will readily exceed 6,000 rounds, and the specifications 
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for the .30-caliber powder now include a test for erosicn, under which 
^'the erosion of the bore, after firing 6,000 rounds, must not materially 
exceed that exhibited by the rifle barrel Ko. 21244, which has been fired 
5,000 rounds and will be retained at Frankford Arsenal as a present 
standard of reference." It is now also provided that each invoice lot 
of powder must be thoroughly blended by the manufacturer. 

The exx)osure of service cartridges to the weather for a year's period 
in shallow open trays is now systematically pursued and constitutes a 
most severe test of their keeping qualities. Lots of cartridges made 
from different invoices of powder are taken from the factory and 
exposed in this manner. A portion of each lot is tested at the end of 
every four months. The tests made during the past year with the 
service powders confirm those previously reported. Although the loss 
of velocity from the exposed cartridges is sometimes considerable, the 
stability of the powder was not decreased, and when heated to 130o for 
twenty-four hours, to ascertain if the powder had been permanently 
injured, its ballistic properties were restored to be nearly the same as 
those of the original powder under the same treatment. The interior 
of the cases was not injured by contact of the powder during exposure 
and the primers of the cartridges remained unaffected. Two additional 
lots of the .30-caliber cartridges charged with Peyton powder and sent 
to Whipple Barracks, Ariz., for storage, in April, 1895, have been 
returned to Frankford Arsenal for examination, after storage periods 
of twenty-one and twenty-four months. These showed, when fired, 
nearly the same condition as those which had been stored for periods of 
three, six, and nine months, there being no material change from the 
original quality of the ammunition. 

In the development of smokeless i)owder for .45-caliber ammunition 
a number of samples selected by the inspector of powder have been 
tested, and although promising results were obtained no selection has 
yet been made. 

The policy of rendering every practicable assistance in the develop- 
ment of new smokeless powders has been pursued by the Department. 
Several pressure barrels and appliances for test of powder have been 
furnished by sale and all applicants invited to submit samples of their 
powder for test under the established specifications. The sami)le8 of 
experimental powders tested at the Frankford Arsenal during the past 
year have included a number for .30 and .45 caliber rifles from the 
Du Pont and the Laflin & Eaud companies, tested for their information 
or for the information of the inspector of powder. In addition, the 
following have been tested and the reports of results are appended: 
Rottweil powder, for .30.caliber rifle; Savage Repeating Arms Com- 
pany powder, for .30-caliber rifle, and Weidig powder, for .30 and 
.45 caliber rifles. 

The samples of experimental powders tested at the Benicia Arsenal 
have included several for the .30-caliber rifle from the Giant Powder 
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Cotnpaiiy and of "Italian smokeless," submitted by Mr. Gabriel, of San 
Jose, Cal., npne of which have satisfied the requirements of the specifi- 
cations. The results of these tests are included in the appended report 
from Benicia Arsenal. 

MACHINE GUNS. 

In March last a contract was made for 31 10-barrel Gatling guns, 
caliber .30, model 1895, with Bruce feed, and on September 9, 1897, a 
further contract was made for 18 additional guns of the same pattern. 
These guns are being manufactured by the Colts Patent Firearms 
Manufacturing Company, Hartford, Conn. The .45-caliber Gatling 
guns on hand and available for use in permanent fortifications have 
been collected at the Springfield Armory to be cleaned and repaired, 
when needed, and for the alteration to Bruce feed of all the older pat- 
terns originally made for the tin-case feed. Including the .30-caliber 
guns now under contract, about 200 .30 and .45 caliber Gatling guns 
are available for the fortifications. This is in addition to the .45-caliber 
guns distributed at different posts and required for service there. The 
.45 caliber guns at several posts in the Department of Texas which were 
fitted for the tin-case feed have recently been recalled and replaced by 
others fitted with Bruce feed. 

To provide a movable mount for the machine guns in fortifications, 
one of the metallic carriages for machine guns, model 1890, has been 
fitted with defensive shields at the Sandy Hook Proving Ground, and 
is now undergoing test. The shield plates are made of hardened steel 
about 0.2 of an inch in thickness and were procured, shaped to the 
required form, from the Carnegie company. A design of casemate 
mount for the machine guns in fortifications has also been prepared. 

ARMAMENT OF FORTIFICATIONS, ETC. 

GUNPOWDERS. 

Charcoal powders. — No new work in this line of powders has been 
entered on during the year, but the contractors have been engaged in 
furnishing brown and black powders under existing contracts. The 
probable early adoption of smokeless powder throughout our service 
reduces the importance of this branch of the subject, but it is never- 
theless intended to have it on a systematic and well-organized footing, 
so that recourse to it could be had in case of necessity. The presses, 
plates, etc., necessary for the production of the entire series of powders 
required for the pieces in service are on hffnd and ready for use. 

SmoJceless potcder. — It appears conclusive that when nitroglycerin is 
used under service conditions there appears to be no objection to its 
employment in powder, but that, on the other hand, there are decided 
advantages on the score of high ballistics and economy. These con- 
clusions are drawn from general information and from the results of 
experiments with various smokeless powder compositions, as described 
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in iny last annual report. These experiments, which were still in prog- 
ress when that report was made, were completed during the year, 
except those involving long storage, and the results are only confirma- 
tory of the conclusions derived from the earlier and principal portion 
of the series of experiments. 

In order to investigate more fully the compositions composed essen- 
tially of nitrocellulose and nitroglycerin, and make the experiments 
with cannon powders for the service guns, three compositions were 
selected, all of the type designated ** N N " (nitrocellulose-nitroglycerin), 
which are designated and described as follows: 

y X (13-10); nitrocellulose yielding 13 per cent of nitrogen, the 
I)owder containing 10 per cent of nitroglycerin. 

K N (12-25); nitrocellulose yielding 12 per cent of nitrogen, the pow- 
der containing 25 per cent of nitroglycerin. 

N N (11-40); nitrocellulose yielding 11 per cent of nitrogen, theix)w- 
der containing 40 per cent of nitroglycerin. 

These compositions were regarded as including the practicable varia- 
tions within the type, and as producing only allowable erosion and heat- 
ing effects. The question of the form of granulation was also to be 
decided. The Maxim Powder and Torpedo Company succeeded in 
granulating a portion of the above range of compositions in their " multi- 
l)erforated" form, which is regarded as possessing decided advantages, 
but those of the more india-rubber-like consistency had proved too 
refractory, and there seemed to be a question whether the composition 
most suitable in other respects would prove amenable to the most suit- 
able granulation. 

As granulation is a mechanical process, it was thought best to inter- 
est x)rivate manufacturers in the solution of the problem, and this course 
was adopted. Accordingly contracts were awarded to the Du Pont 
Company, Laflin & Rand Powder Company, and the California Powder 
Company for powder for field guns, 12-inch mortars, and 10-inch B. L. 
rifles. The compositions were prescribed as those stated above, but 
the form of granulation was left to the manufacturers. By this means 
it is expected to obtain comparison of the effects of these compositions 
in several forms of granulation strips, thin squares, tubular, and multi- 
perforated. These powders are now being delivered and tested at the 
])roving ground, and when the test of the series is completed, the results 
will, it is hoped, furnish sufficient information to warrant the adoption 
of approximately the most suitable comj)osition and form of grain. 
While this investigation is ipainly devoted to the " N N" tyi)e of com- 
position, other types are not excluded, and orders have been given to 
the California Powder Works for a sample lot for the 8-inch B. L. rifle 
of the "Peyton" composition, to the Laflin & Band Powder Company 
for a sample lot for the same gun of " W-A" eom])osition, and one to 
the American Ordnance Company for a sani])le lot for 10 inch B. L. rifle 
of the most apj)roved tyj)e of the liottweil composition; also one to the 
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Du Pont Company for a special form of grain of the '' N N " type. The 
manufacture of the above-mentioned powder had already progressed 
suflBciently to show that any of the forms of granulation described can 
be satisfactorily produced in each of the compositions prescribed, but 
the testing has not at this writing proceeded so far as to enable final 
comparisons to be made among the different compositions and forms of 
grain. 

In connection with this subject it may be stated that the Department 
has endeavored, through its relations with private manufacturers, to 
further the development of the ^'multi-perforated" form of grain. The 
advantages of this form were first theoretically set forth by General 
Kodman, but it was impracticable to realize them in the charcoal i)ow- 
ders. To the Maxim Powder and Tori)edo Company belongs the credit 
of having revived the idea and applying it practically to the colloidal 
smokeless powder compositions. The results thus far obtained in the 
practical trials of powders of this form confirm the theoretical conclu- 
sions and indicate the ballistic superiority of this form over any other 
yet produced. Other considerations may in particular cases outweigh 
this ballistic superiority, and the definite determination of the relative 
values of the various conditions that affect the question is one of the 
principal objects of the experiments now in progress. 

Satisfactory results have now been obtained with smokeless powders 
made in this country in all calibers of field, siege, and seacoast cannon, 
including mortars. This powder has also been found to give good 
results in the mortars when firing with reduced charges. 

MANUFACTURE AND TEST OF POWDERS ON THE PACIFIC COAST. 

Charcoal powders, — A lot of 40,000 pounds of saluting powder for the 
3.2-inch and 3.6-inch rifled field guns, and a lot of 10,000 pounds for 
S. B. seacoast guns, have been manufactured during the past year by 
the California Powder Works. With this exception the only charcoal 
powders tested have been those submitted under the contract for 
brown powders for the 10 and 12 inch B. L. rifles, also with the Cali- 
fornia Powder Works, represented by Mr. Bernard Peyton. The 
requirements and results obtained with the powder for the 12-inch B. L.. 
rifle, are as follows : 



Kequirements 

Actual resnits <! 




Poundx. 
490 
490 
465 



Projectile. 



Pounds. 
1,000 
1, 000 
1,000 



Velocity. 



Ft. sec. 
2, 025 
2.111 
2,043 



PreBsnre 

per 

square 

inrb. 



Pound*. 
38,000 
40. 835 



Remarks. 



iResidne great in both cases. 



37,350 / Accepted. 



The first two sample lots of 10-inch powders submitted were not 
entirely satisfactory, being either too high or lacking in uniformity, 
but no trouble is anticipated in securing a powder for this gun at the 
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California Powder Works that will fully meet the requirements for 
service. 

Smokeless powders, — Ko new smokeless powders have been submitted 
for test since my last report, though a number of lots similar to those 
previously submitted have been tested. The Giant Powder Company, 
which a year ago installed a testing plant at considerable expense, has 
abandoned the attempt to make a smokeless powder, although the last 
lot tested nearly fulfilled the Government requirements, failing only in 
the moisture test. It is believed that the powder made by the Giant 
Powder Works is nearly identical in composition with that made by 
the California Powder Works, and known as the ''Peyton powder," but 
it has lacked the ballistic qualities of the latter through want of proper 
treatment. 

After the receipt at Benicia Arsenal of the 3.2-inch B. L. rifle, adapted 
to metallic ammunition, several tests were made with powder furnished 
by the United States Smokeless Powder Company and the Giant Pow- 
der Company. None of these tests were, however, satisfactory. The 
single sample furnished by the Giant Powder Company gave results 
that were considered quite satisfactory. The results with this powder 
were as follows : 



Date of tost. 



I Velocity , Pressure 
Charge. l*n>je<'tile. at 100 per square , Iwemarks. 



feet. 



inc 



c*^. 



Ounces. Pounds. , Ft. sec. i Pounds. 

April 10, 1897 ' 12 16^ 1 , 080 Less than 

15, 000. 



D<. 
Do 



16 16* 1.300 

18 16^ : 1,451 



20,600 
22,900 



1 ounce black powder priming. 



The powders submitted by the United States Smokeless Powder 
Company were largely metallic salts of picric acid. The powder was 
in the form of dark-yellow spherical pellets, hard on the exterior, but 
breaking up easily when tlie outer skin was cracked. In the tests 
there always appeared a critical pressure below which the combustion 
was slow and incomplete, but above which the explosion was violent, 
with sudden and great rise in pressure without corresponding gain in 
velocity. 

Proving ground at Benicia ArsefuiL — Work on the new proving ground 
at this post was begun last fall by installing a 12-inch B. L. mortar, 
and preparing a firing butt by cutting into a hillside situated about 
300 feet in front of the piece and laying bare a vertical wall of soft 
adobe rock to receive the projectile. The firing of the mortar caused 
the abandonment of the plan of installing modern guns of 8, 10, and 
12-inch caliber at this point, but the installation of platforms, etc., for 
field and siege guns has been carried out. 

During the wet season it was found that the marshy ground on which 
the target screens are placed becomes impassable, and a causeway has 
been run across from the guns to the butt. The platforms are now 
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arranged for field guns, for an 8-iucb converted rifle, and for a 12-incli 
B. L. mortar, and if a pintle be j^laced for the siege carriages the latter 
can be used on the fleld-gun platform. Besides the butts, platforms, 
and target screens referred to there have been set up an instrument 
house of brick and a loading house of wood, each being protected by 
embankments. 

SEACOAST GUNi5. 

Provision was made, in ordering the last sixty sets of forgings for 
10-inch, 12-iuch, and the type 16-inch guns, for the adoption of a new 
type of breech mechanism in which the several movements of rotating, 
translating, and swinging the breechblock are performed by a continu- 
ous movement of the operating handle in one direction. This mechan- 
ism has been applied to a 12-inch gun and found to work satisfactorily, 
no difficulty being experienced in operating it with one man, even when 
the gun was elevated about 10^. Considerable gain in power was shown 
over the old three-movement mechanism without reducing the speed of 
opening or closing the breech. The 12- inch rifle to which this mechan- 
ism is attached is known as the type gun of[ model 1896. In this model 
the tube is first hooped throughout its length, then a very long jacket 
is shrunk on, forming the third layer, and finally a fourth layer of hoops 
is applied over the breech. This construction gives somewhat greater 
tangential resistance to bore pressures than the service type, and much 
greater stiffness in the chase against bending or drooping. Owing, 
however, to the great length of the jacket, the facilities at the Army 
Gun Factory for uniformly heating it up for shrinking were inadequate, 
and considerable difficulty was experienced in assembling the gun. 
This mode of construction also has the grave disadvantage that in case 
the jacket should become fast on the tube before it has reached its 
home position it seems impracticable to remove it for the purx)ose of 
repeating the operation without rendering it useless. The tube of this 
gun is of nickel steel and was furnished by the Bethlehem Iron Com- 
pany. The gun will be retained at Sandy Hook for current firings in 
connection with the test of powders, carriages, and projectiles. 

Under the provisions of the fortifications act approved March 3, 
1897, additional contracts have been placed with the Bethlehem iron 
Company for ten sets and with the Midvale Steel Company for seven 
sets of 12-inch gun forgings, model 1895. The total number of sets of 
forgings thus far provided for, exclusive of tyj)e guns and the hundred 
guns contracted for with the Bethlehem Iron Company, are as follows: 



Caliber of gnn. ' dumber 



8-inch 63 

lu-inrb 87 

12 inch 84 

1 

OKD 97 3 
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The number of guns completed up to June 30, 1897, was as follows: 



Place of nianufaotiire. riflM 



Army Gnn Factory ; 52 

West Point Foun(f ry 11 

Bethlehem Iron Works 25 



Total 88 



10-inoh 
rides. 


12iDch 
rifles. 


62 


37 


15 








77 


.i7 



In addition to the above, the Bethlehem Iron Company has ten addi- 
tional 10-inch guns and five 12-inch guns nearly completed, under their 
contract for 100 guns. 

Congress, by reducing the cost of gun forgings from 27 cents to 23 
cents per pound, has reduced the cost per set about 15 per cent. It has 
been found practicable, also, to reduce gradually the cost of finishing 
and assembling at the Army Gun Factory about 20 per cent, thus mak- 
ing the total reduction in cost of the gun comx)lete about 16 per cent. 
Of this amount about two-thirds is due to the reduction in cost of forg- 
ings and one-third to the cost of finishing and assembling. Of the 
reduction of cost made at the Army Gun Factory, about 60 per cent 
has been due to having on hand a considerable number of forgings, 
thus avoiding any interruption in the work, and to the working of a 
night shift. About 40 per cent was due to improvements in methods 
and system of manufacture. In order, therefore, to maintain the pres- 
ent low cost of manufacture, it is essential that adequate appropriations 
be made in advance, to provide that the requisite supply of forgings 
shall be on hand as needed. 

TJie 16- inch gun, — A contract was entered into with the Bethlehem 
Iron Company, on December 30, 1896, for ftirnishing the Department 
with the forgings for a type 16-inch gun, under the provisions of the 
fortifications act of June 6, 1896. For the larger forgings — as the tube 
and jacket, and for the breechblock, which is very massive — the man- 
ufacturers have preferred to use nickel-steel, expecting thereby to obtain 
more readily the prescribed physical qualities than with ordinary gun 
steel. The substitution of nickel-steel has increased somewhat the cost 
of the forgings, which increase must, owing to the price limit imposed 
by the act of Congress, fall upon the manufacturers, unless Congress 
shall see fit to pass a measure for their relief. Some of the smaller 
forgings for this gun have been delivered and the ingots for the tube 
and jacket have been cast. All the forgings will be completed during 
the present fiscal year. Considerable preparations were required at 
the steel works in the way of ingot molds, etc., to permit of the manu- 
facture of such large forgings as are required for this 16-inch gun. It 
is the intention also to reconstruct the heating furnac^e at the gun fac- 
tory, in order to obtain sufiicient capacity for a 16-inch jacket, for which, 
purpose there is an appropriation available. To insure in advance the 
proper working of the breech mechanism for this gun, a dummy mech- 
anism is under construction at the gun factory, a 15-inch smooth-bore 
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gun being utilized as the receiver of tbe breech mechanism for the 
purpose. The steel parts for this dummy will afterwards be utilized 
for the breech mechanism of the 16-inch gun itself, while the cast-iron 
block and breech casing can be used as gauges in the further manu- 
facture of these guns. 

SEAOOAST MORTARS. 

Under the provisions of the last fortifications act additional con- 
tracts for 12-inch mortar forgings have been placed as follows: With 
the Bethlehem Iron Company, for 30 sets; with the Midvale Steel 
Company, for 30 sets. The finishing and assembling of these mortars 
will be done at the following establishments : Builders Iron Foundry, 
Providence, R. I., 15 mortars; Niles Tool Works, Hamilton, Ohio, 15 
mortars; Army Gun Factory, 36 mortars. 

The total number of mortars thus far completed and under manufac- 
ture is as follows: Seventy- three 12-inch cast-iron iooped ; one hundred 
and thirty-nine 12-inch mortars, steel, or a total of 212 mortars. All 
these mortars will be completed during the con^mg fiscal year. 

SEAOOAST CARRIAGES. 

To replace the accidental and somewhat incorrect and confusing 
names for the service seacoast carriages that had grown into use dur- 
ing their exi)erimental periods, and to avoid the serious mistakes that 
might arise therefrom, the following nomenclature for these carriages 
has been adopted, viz : 

8-inch barbette, model 1S92. (a) 

8>inch disappearing, L. F.,* model 1894. (c) 

8-inch disappearing, L. F.,* model 1896. (d) 

8-inch disappearing, A. R. F./ model 1896. 

8-inch casemate, model 1894. (b) 

10-inch barbette, model 1893. (a) 

10-inoh disappearing, L. F.,* model 1894. (c) 

10-inch disappearing, L. F.,* model 1896. (d) 

10-inch disappearing, A. R. F.,* model 1896. 

10-inch casemate, model 1894. (b) 

12.iuch barbette, model 1892. (a) 

12-inch disappearing, L. F.,* model 1896. (d) 

12-inch disappearing, A. R. F.,* model 1896. 

12-inch gon lift, model 1891. 

12-inch casemate, model 1894. (b) 

12-inch mortar carriage, model 1891. 

12- inch mortar carriage, model 1896. 

Barbette carriage for 8-inch muzzle-loading rifle, F. P. 

Casemate carriage for 8-inch mazzle-loading rifle. 

Barbette carriage for 15-incb smoothbore, F. P. 



(a) This carriage has sometimes been called ''nondisappearing.^' 

(b) This carriage has sometimes been called ''minimum port.'' 

(c) This carriage is designed for a parapet that will permit a field of fire of 150^. 
(jd) This carriage is designed for a parapet that will permit a field of fire of 170^. 

* The letters "A. R. F." stand for the words "all-round fire," and the letters 
"L. F." stand for the words /' limited fire." 
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DoriDg the i>ast year additional contracts have been placed for sea- 
coast gun carriages, as follows : With the Morgan Engineering Com- 
pany, Alliance, Ohio, nine S-inch disappearing carriages, L. F., model 
1894; Providence Steam Engine Company, Providence, K. I., six 8 inch 
disappearing carriages, L. F., model 1894; Bethlehem Iron Company, 
South Bethlehem, Pa., ten 8-inch disappearing carriages, L. F., model 
1896; six 10-inch disappearing carriages, L. F., model 1896; Ave 12-iiich 
disappearing carriages, L. F., model 1896; Niles Tool Works Company, 
Hamilton, Ohio, six 10-inch disappearing carriages, L. F., model 1896. 

Thus far the Department has been able to complete and furnish car- 
riages as fast as the fortihcations were ready for them. 

DISAPPEARING CARRIAGES. 

Disappearing carriages of the model of 1896, for guns of 8 and 10 
inch caliber, have been completed and tested since the date of my last 
annual report. In these the expectations of the Department in regard 
to increased facility of maneuvering have been fully realized. In addi- 
tion, the cost per carriage has been diminished about $1,000. 

The completion and successful test of a 12-inch disappearing carriage 
is the most important event of the gun-carriage work of the year. It 
has heretofore been considered impracticable to mount guns of this 
size and power upon disappearing carriages, and more expensive and 
less convenient methods have been resorted to. The saving in expense 
of J 2-inch batteries by the use of the disappearing carriage should be 
about one-half, while the rate of fire should be at least trebled, giving 
six times the efficiency for the same expenditure. Kine of these car- 
riages are now under manufacture for issue to the service. 

During the year the adopted disappearing carriage has received 
severe test at target practice in the hands of the troops. In some 
cases both officers and men have been absolutely without experience 
with the weapons used, and the complete success under such circum- 
stances is very gratifying. 

MORTAR GARBIAOES. 

Contracts for additional mortar carriages have been placed during 
the year as follows: Providence Steam Engine Company, Providence, 
R. I., fifteen spring-return 12-inch mortar carriages; American Hoist 
and Derrick Company, St. Paul, Minn., fifteen spring-return 12-inch 
mortar carriages; Robert Poole & Son Company, Baltimore, Md., 
thirty-five spring-return 12-inch mortar carriages. 

BAPID-FIRE GUNS. 

Six pounder R, F. guns. — Ten 6-pounder R. F. guns, with 250 rounds 
of ammunition each, have been furnished by the American Ordnance 
Company, tested and accepted by the Department. The carriages for 
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mounting these guns are now undergoing test. The carriage is of the 
type termed a "rampart carriage." When fired behind the parapet, it 
is rigidly attached to a pintle, and becomes in fact a fixed mount, thus 
admitting of a very rapid fire. When required for use in the open, as 
against landing parties, the mount takes the character of a simple field 
carriage, the recoil being checked by means of a trail spade. 

Three-inch 16 pounder R, F. guns. — A new type of gun of S-iuch 
caliber and throwing a 16-pound projectile with a muzzle velocity of 
about 2,600 feet is now under study for adoption for the protection 
of mine fields in coast defense. This gun will be mounted on a fixed 
carriage, whether employed for rampart or casemate service. The ram- 
I)art carriage will admit of lowering the gun behind the parapet, in 
order that it may be under cover when not in use. Funds are avail- 
able for the purchase and test of a gun of this type, with these two 
different forms of mount. ' 

Five-inch R, F, guns. — There are funds available for the purchase of 
from eight to ten 5-inch R. F. guns. A type gun of this caliber, consisting 
of a jacketed steel tube secured by a locking hoop, is just completed 
and is now ready for test. It is fitted with the Driggs-Schroeder breech 
mechanism. A second type gun, consisting of a solid forging cooled 
or tempered from the interior so as to produce the desired initial 
strains, is also nearly completed, and will be tested in comparison with 
the built-up gun. The single forging gun will be fitted with the Gerdom 
breech mechanism. 

Six-inch R. F, guns, — A contract has been placed for the forgings for 
a 6-inch R. F. gun of .45 calibers length of bore, and throwing a 100- 
pound projectile with a muzzle velocity of 2,500 feet. 

The question of mounting guns of smaller caliber than 8 inches 
arranged for rapid fire is of importance. The present mounting for tht 
5-inch E. F. gun is a barbette carriage placed upon a balanced pillar, 
the gun when out of action being concealed behind the parapet. For 
use the gun is run up by hand and remains exposed while in action. 
The type has been successfully tested, and eight mountings are now 
under manufacture for issue to the service. It is questioned whether 
the disappearing carriage is not a more satisfactory mounting for guns 
even as small as^ the 5-inch, and it is considered quite probable that for 
larger calibers it will prove so. 

The Department has under construction a disappearing carriage for 
a 6-inch R. F. gun, arranged to meet the conditions of that class of 
service, and from the result of its tests conclusions can be drawn as to 



the advisability of the use of the type for smaller calibers. It is believed 
that the disappearing carriage will give nearly the same rapidity of fire 
as the pillar mount, and it is known that it will give much better pro- 
tection to both gun and gunners and will cost less than the pillar 
mount. 
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PROJSCTII.es FOB SEACOAST SERYICB. 

Under the proviBions of the last fortifications act, a contract was 
placed with the Tredegar Iron Works Gompauy, Richmond, Ya., for 
the following cast-iron projectiles: Two hundred 8-inch shot, three hun- 
dred 12-inch shot, six hundred and four 12-inch mortar shell ; and with 
the Rome Locomotive and Machine Works, Rome, N. Y., for cast-iron 
projectiles as follows : Three hundred 10-inch shell, and five hundred 
7-inch shell. 

A contract was also placed with the Driggs-Seabury Ordnance Com- 
pany, Derby, Conn., for the following steel projectiles: One hundred 
and ninety-five 8-inch A. P. shell, six hundred and five 10-inch A. P. 
shell, one hundred and fifty 12-inch A. P. shell. 

As regards cost, the prices on which the contracts were made were 
low, and in that respect were very satisfactory. 

FIELD ARTILLERY. 

3.2-inch field gunsy service. — Contracts for 110 sets of forgings for 
3.2-iuch guns have been placed during the year; some of these guns 
have been completed and others are now being assembled at the gun 
factory. About 100 of them will be chambered for smokeless powder; 
the remainder, and eventually all the 3.2-iuch guns now in service, will 
be similarly chambered, a short lining tube being inserted at the breech 
to admit of this modification. The carriages for mounting these addi- 
tional guns, with their complement of caissons and battery wagons and 
forges, are being manufactured at the Rock Island Arsenal. 

Experimental firings with the Gerdom, Dashiell, Fletcher, and Sea- 
bury 3.2-iuch field guns, adapted for using metallic ammunition, are 
still in progress. 

S-iTich field guuy experimental. — At the time the present 3.2-inch field 
gun was designed and introduced into service, some fifteen years ago, 
it was thought to meet all essential requirements, and was proved to 
be, in fact, fully equal to the best field gun extant at that period. 
Since that time, however, the introduction of smokeless powder and 
some improvements in the construction of the gun and its carriage, 
have made it practicable to increase the power and efliciency of this 
piece without sacrificing requisite mobility. Accordingly, the Depart- 
ment has had under study for sometime a reconstruction of the present 
design of its field gun and carriage. With this in view a gun has been 
designed of 3-inch caliber and 28-calibers length of bore, weighing 
about 8.39 pounds. This piece will have greater power than the pres- 
ent .'3.2-inch field gun, as its projectile will weigh L") pounds and have 
a muzzle velocity of about 1,600 feet per second, the velocity being 
determined with regard to the effect of shrapnel at 3,500 yards. At 
this range, in order to inflict dangerous wounds upon horses, the energy 
of the shrapnel bullets should be about 282 foot-pounds. This requires 
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fbr the smallest- sized ballets, viz, 42 to the pou»d, a lemaiuijig velocity 
of about 874 feet per second^ which would correspond to a muzzle yekM»- 
ity of about 1,600 feet. 

Owing to its higher muzzle velocity and greater sectional density, 
this 15-pouiid projectile would have higher remaining velocities at all 
ranges, and thus a flatter trajectory. But the remaining velocity is 
of greater importance in another respe<$t. The shrapnel bullets must 
have a certain striking energy to be effective. If the remaining 
velocity is increased, the weight of the bullets and fragments can be 
decreased, and so their number increased for a given weight of projectile. 
Thus, as respects the remaining velocities of the 3.2-inch 16^pound 
and. of the 3-inch lo-pound projectile, there is an advantage, on an 
average, of about 6 per cent in favor of the 3-inch projectile for ranges 
up to 3,500 yards. We shall then have an advantage of 12 per cent m 
energy for the same weight of bullet, and we can thus reduce the weight 
by 12 per cent in this projectile and retain for the bullets the same 
striking energy as for the heavier bullets iu the 3.2-inch projectile. 
That is, if we should reduce the weight of all the parts of the 16 J-pound 
shrapnel so as to get a IS-pound 3-inch shrapnel of the same number 
of parts — which is a reduction of about 9 per cent — we should obtain 
as many pieces, each striking with greater energy, and, moreover, being 
of less dimensions, having greater penetration for the same energy. 
Hence, the effectiveness of a single 15-i)ound 3-inch projectile would be 
about the same or a little greater than that of the 16^-pound 3.2-inch 
projectile. The higher velocity imparted to the 15-pound 3-inch pro- 
jectile, owing to the use of smokeless powder and an improved design 
of gun carriage, is permissible. 

The principal advantages, then, in favor of the proposed 3-iBch gun 
over the present service 3.2-inch gun are greater flatness of trsyectory, 
giving increased length to the danger spaces, higher remaining velocity, 
and greater energy of imptict at all ranges and a lighter and yet equally 
effective shrapnel, cheaper and more convenient to handle and load, 
and which will permit of carrying 132 more rounds per battery of six 
guns, with an estimated decrease in weight of only 8^ pounds in each 
ammunition chest. 

Two 3-inch guns, designed as above described and having the same 
ballistic power, are now under manufacture, one to consist of a jack- 
eted forged-steel tube, and the other of a single forging, which, after 
being rough-finished, is heated and then cooled from the interior, in 
order to obtain the initial tensions requisite for tangential strength. 
The test of these guns will furnish useful information touching their 
relative endurance and cost of manufacture. 

Thrceinvh field carriage^ ex^perimental, — A carriage will be required 
for the 3 inch gun differing materially from the 3.2-inch carriage now 
in service. The design for this carriage is receiving much study and 
attention, as it is proposed to take up, in connection with the design, 
the subject of an effectual means for checking the recoil. 
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The reooil of oar modem type gang ii$ so great that the brakes here- 
titfore used on the wheels of the carriage do not furnish safficient resist- 
ance to reooil. The loug time required for raniiing the carriage a long 
distance back iuto battery after diischarge prevents a safficiently rapid 
serrice of the piece. Moreover, the great weight of the trail makes 
the labor of mnning the carriage back into battery so great as to soon 
exhanst the cannoneers. The Department has already made safficient 
exj>eriments with the spade in the end of the trail to determine both 
its efficiency and the construction desired. This involves the use of a 
recoil cylinder, interposed between the gun and the carriage. The 
Department has also obtained sufficient information and data, by ex- 
periment, for this construction, and it does not involve serious difficulty 
except that it must add both weight and complication to the carriage, 
which are objectionable, though necessarj' to the method. This method, 
however, relieves the carriage from so ninch of the strain of recoil that 
the carriage can probably be so much lightened as to compensate for 
the additional weight of the recoil cylinder and cradle in which the 
gun must be mounted. A more serious matter, however, is that if the 
spade is used it is so embedded in the ground by the recoil as to make 
pointing of the gun by traversing the carriage extremely difficult, if 
not inadmissible, on account of the time consumed therefrom. 

To meet this iilmost prohibitory objection, carriages have been con- 
structed to provide a small traverse of the gun it^^elf on the carriage. 
This is effectual, but adds so much to weight, and especially complica- 
tion, that it is feared it would not be admissible in our service, even 
though it might be admissible in some foreign service. In time of war 
our batteries must be manned and served suddenly by raw troops, and 
endure service over the very roughest country. The additional weight 
that provision for traversing involves is objectionable, even though it 
should be partially or even entirely compensated for by the reduction 
in weight of carriage above mentioned. The more serious objection of 
the com])lieated mechanism, however, could not be avoided. A thor- 
ough study, therefore, is being made of other means for checking the 
recoil than the spade, and especially of means for so anchoring the car- 
riage that it can be i>ointc<l by traversing the trail, and also of intro- 
ducing the recoil cylinder between the anchorage and the carriage, so 
liH to utilize the inertia of the carriage, as well as that of the gun, in 
checking the recoil. ()])]>oHe(I to this method is the fact that it still 
HiibJectH the carriage to all tli«^ strains of recoil as in our present car- 
riage, and the carritige can not he lightened as mentioned above. An- 
oMier objection to the spnile is that it enhances the very objectionable 
jumping of the carringe in recoil. It is hoped, in the construction and 
test of this new gnn and carriage, that a satisfactory solution for our 
service of this very tronblesonie qneHti(»n of checking the recoil can be 
arrival at, Its importance is appreciated. 
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FIELD AND SIEGE PRO.TECTILES. ^ 

The orders placed for manufacture during the year 1897-98 comprise 
a limited number of 3.2-inch canister, and common shell, 3.6, 5, and 
7-iuch shrapnel, and fuses as needed for issue to the service. The 
3.6-inch shrapnel now being made will differ slightly in design from 
tliose described in the last annual rei)ort. In order to burst the case 
more eifectively, the bursting charge, which was contained in the head 
only, is partly distributed as a central charge in a 0.5-inch tube, extend- 
ing nearly to the base. The change has reduced the number of balls 
from 218 to 210, and the total number of pieces in the shrapnel from 276 
to 267. The American Ordnance Company completed its deliveries 
in March last of the 4,000 3.2-inch shrapnel under contract of September 
4, 1896. These shrapnel are made with a case of seamless drawn steel 
tubing, containing about 0.72 per cent of carbon, which, after being 
subjected to firing tests, was accepted as a proper substitute for the 
lap-welded steel tubing used in the manufacture of similar shrapnel at 
the Frankford Arsenal. 

The 3.2-inch field guns of modeP1890 M, now being made for a smoke- 
less-powder charge, will use a 16.5-pound projectile, with band 0.625 of 
an inch from the base. Experiments have been made to determine the 
practicability of changing to this position the band of the 16.5-pound 
shrapnel on hand which were originally made with the band 1.75 inches 
from the base. The results of these tests, which have included firings 
through a 4-inch wood target into the sand butt, from which the shrap- 
nel were recovered for examination, besides target practice and com- 
parative firings, to measure the cone of dispersion, have shown that the 
position of band may be changed as required without material detri- 
ment to the serviceability of the shrapnel. A report of the firings and 
the targets made in the dispersion tests is appended. The results fur- 
nished interesting data on this subject for our service shrapnel. At a 
range of 1,000 yards the cone of dispersion of the shrapnel from the 
I)oint of burst is about 16 degrees, which will cx)ver a circle about 23 feet 
in diameter at a distance of 27 yards. The number of balls and frag- 
ments of the shrapnel contained within this cone of dispersion is about 
260 for the 13.5-pound and 280 for the 16.5-pound shrapnel. These 
shrapnel contain in their make-up a total of 200 and 236 pieces, respec- 
tively. The increased number of pieces arising from the burst is due 
to the fragmentation, principally, of the case and the cast-iron sepa- 
rators which are placed between the layers of hardened lead balls. The 
dispersion of the shrapnel increases with the range. From previous 
experiments the angle of dispersion for the shrapnel burst witWn 50 
yards of the muzzle of the gun was found to be about 12 degrees. 

Although a majority of the fragments of the separators in the present 
shrapnel will penetrate an inch of pine at a distance of 30 yards or 
more from the point of burst, yet a portion of them, being small and 
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if irregalar shape, are siniply embedded and wonld liardly iutlict a 
igerons wound. The Bepartmeot ie now esi)eri men ting with a new 
type of 3.2-inch »hra|iael without these separatorB, but which will vxm- 
tain an increased quantity of hardened lead balls, with the object of 
obtaining a greater numberof regularly shaped and efi'ectivc fragments. 
9uue Qring tests have been made of these to te»t the resistance of 
eompressioii and deforuiation offered by the ballets. The tests were 
fairly satisfactory, aud it is thought thiit all defects ran be eventually 
overcome and an improved shrapnel obtjiini-d. 

Sample shrapnel made for the ■l-inch rapid-tire gun, tixed aoimuni- 
tion, are now awaiting test. This Klimpnel weighs 5u poauds and con- 
tains '-iSS hardened lead halls of 160 grains each, with separators, etc, 
iking a total of 478 pieces. The design is similar to that of the 
iucli shrapnel for siege gnns, des<^'ribed in the last annual repoft, with 
head-burating charge of 12 ounces, partly distributed iu a c«iil 
tube. The ixisition of baud is changed as required for tised ammi 
tioii, and the weight is 10 pounds greater, giving an iucreafied ni 
of balls and fragments. 



METALLtC iMMPNlTIO!* FOE FIELD Gl'NS. 






Experiments with metallic cases during the year have l>een com 
ii design of 3.2-inch case i>roposed by Lieutenant Dunn, of the Ord- 
ice Department, comprising an oi>en drawn case for the body, with 
B detachable base and rubber ring to seal the escape of gas. The pur- 

Iposc of the design was to use aluminum for making a light serviceable 
e and obviate the manufacturing difficulties heretofore encountered 

■ fn attempting to make a solid drawn ease of this metiil. The cases 
tested by firings at the proving ground comprised live of the aluminum 
body and base aud one body of brass with brouze base and also with an 
extemporized brass base. The results showed that the base made of 
baid brass only wonld resist deformatiou aud prevent spreading of the 
primer pocket, etc. And whilst a certain degree of serviceability 
might be expected from a iierfected case on this design, made with an 
alnminniTi body aud hard brass base, it would still not compare fovor- 
ably with the solid drawn brass case for use in service. 

The uianufiMiture of metallic ammunition for field artillery has been 
discontinued. My annual reports for several years past show that 
much attention has been paid to the subject of metallic ammunition for 
Held guns, that sati-sfactory metallic cases and animunition, and a plant 
for their manufacture, have been perfected, and that a small quantity 
of the ammunition has been fabricated. The plant is required for manu- 
factiu'ing metallic ammunition for our rapid-fire guns. A satisfac- 
tory breecb mechanism for this ammunition has alBi> been arrived at, 
although, as stated in another part of this report, some exjieriuients for 
further improvement of this mechanism are still in progress aud will 

Kbe completed. 
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Some late experiments show that the benefit of paramount impor- 
tance attained by the use of the metallic case, viz, keeping the powder 
dry for field artillery, can be attained in another way, and that the 
serious objections to the metallic ammunition can therefore and thereby 
be avoided. 

The advantages and disadvantages of the metallic ammunition for 
field service may be briefly summarized as follows: 

Advantages, — First. The great and important advantage, as has been 
stated, is that the metallic case perfectly protects the powder from 
water and moisture. This ammunition may be left for a long time im- 
mersed in water without injury to the powder or effect upon its ballistic 
qualities. It is well known that our powder charge has been heretofore 
packed in wool or silk bags. These were packed in the ammunition 
chests with tow to protect them from injury from jolting. Batteries 
with this ammunition could not cross streams of such depth that the 
water would rise to the ammunition chests without the construction of 
bridges. As great if not a greater objection to the cartridge-bag ammu- 
nition was that when the ammunition chests were exposed for a long 
time in falling or damp weather the powder was so deteriorated as to 
materially diminish velocities and ranges. This defect would practi- 
cally neutralize the advantages of the perfect accuracy of our modern 
breech-loading rifled guns and the absolute perfection in rate of burn- 
ing of the time fuse, as well as diminish the power of the gun and its 
ammunition. On this account the metallic case appeared to be a neces- 
sity, notwithstanding its many disadvantages. 

Second. The metallic case is a perfect gas check and overcomes the 
necessity for the gas check now in use and some requirements in the 
breech mechanism to provide for it. 

Third. An advantage claimed for the metallic ammunition has been 
that it would permit more rapid Are. This is questionable, because 
the second or so additional time required for inserting the round in two 
parts disappears in the long time required for running the gun back 
into battery, and the longer time which efficiency demands should be 
expended in accurate aiming and determination of range, ordinarily. 

Disadvantages. — The disadvantages are numerous ; among these are — 

First. Increased cost of ammunition. 

Second. Increased cost of breech mechanism, and increased com- 
plexity of the same and its liability to get out of order. 

Third. No matter bow perfect the mechanism, the liability in the heat 
of battle that a case may stick or become jammed, from accident or 
other cause, in the bore and the gun made useless. 

Fourth. The metallic case must have a sensitive primer in direct con- 
tact with the powder charge in the ammunition chest. The violent 
shocks to which ammunition is subjected in the ammunition chests, no 
matter what precautions are taken for protecting primers, cause grave 
apprehensions that serious accidents will be possible. Even if safe 
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from accidents from this cause, the ammunition chest is always liable 
to be struck in battle and the primer cause a serious explosion. With- 
out the primer the smokeless powder is i)robably safer from such acci- 
dents than the old black charcioal powder. 

Fifth. Increased weight of ammunition. This is the great and 
important objection. It subtracts 132 rounds from the number that 
may l>e carried by a six gun battery. 

As has been stated, the necessity for protecting the powder from 
moisture was so imperative, however, as to overrule all the disadvan- 
tages mentioned. 

p]xperiments concluded during the past year have been successful in 
proving that the powder charge can be perfectly protected, both from 
moisture and when submerged in water, by a waterproof cover, which 
can be (piickly removed before inserting the cartridge in the gun. 

On this account, as has been stated, the manufacture of metallic cases 
has been stopped, and it is not probable that they will be used in field 
service, although the Department will at all times be prepared to take 
up its manufacture and to introduce into the guns on hand the changes 
in the breech mechanism required for its use. 

TELESCOPIC SIGHTS. 

Steps are now being taken to supply telescopic sights for the sea- 
coast guns. Thirty Scott sights have been procured and seventy more 
ordered for this purpose. Provision is made for using these sights on 
brackets placed in either one of two positions, namely, on the right 
trunnion of the gun, where the sight may be used for giving elevation 
as well as direction in firing, and on a sight standard placed on th« 
chassis at the rear of the carriage, where it is available for givinjf 
direction alone in firing. 

The instructions which have been prepared for the inspection of 
telescopic sights are herewith appended. 

CHANGES IN MATERIAL. 

Oiler for magazine armn, — The magazine rifles and carbines of model 
189G are furnished with a small oiler of brass, nickeled, which is carried 
with the sectional cleaning rod in the butt of the stock. The oiler is to 
contain cosnioline oil for lubricating purposes. Its shape permits it to 
be carried also in a looj) of the cartridge belt, and at present, for the 
arms in service which are not adapted for carrying it in the butt, the 
oiler is issued to each noncommissioned officer with troops, to be carried 
in the belt. (See General Orders, No. 51, Adjutant-GeneraFs Office, 
1896.) 

Breech-mechanism covernfor magazine arms, — As a result of the field 
trials referred to in the last annual report, a detachable covering made of 
brown canvas, to be fastened with a leather string, has been provided for 
the service and was desc^ribed under the head of " Equipments" (page 8). 
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The cover is not expected or iutended to obviate the usual cleaning and 
care required to keep the mechanism of the arms in good condition for 
service at all times. The cover can be very quickly removed to use the 
arm for firing in an emergency, and its light weight and little bulk 
readily enables it to be carried on the person of the soldier on the march, 
when not carried on the firearm. (See Geueral Orders, No. 23, Adjutant- 
General's Office, 1897.) 

Bayonet scahhard, — The bayonet scabbard has been provided with 
a "stop'' at the attachment of the loop to the sheath, which prevents 
the latter from turning upward to a position in which the bayonet 
could drop out. This change, which can be applied by altering the 
scabbards on hand, has been made in consequence of reports from the 
service that the bayonet would sometimes be lost from the scabbard in 
rapid maneuvers, particularly on bushy ground. 

Magazine cutoffs .SO-caliber arms, — The operation of the present cut- 
off, in which the thumb piece is turned up to hold the cartridges in the 
magazine in reserve whilst usiiig the arm as a single loader, has been 
found to be disadvantageous, particularly for cavalry service. In this 
position the thumb piece is exposed and forms a projection from the 
arm which renders it liable to be broken by accident. A new pattern 
of cut-off has been devised which reverses this motion. It can not be 
applied to arms now in service, since it embodies also some alteration 
of the receiver, but will be adopted in future manufacture. By this 
alteration the thumb piece of the cut-off will be turned down to stop 
the passage of cartridges from the magazine, and, being habituaUy 
carried in this position, it will be better protected than before. 

8mokele88-powder charges for 3,6-inch field mortar. — As announced in 
General Orders, No. 18, Adjutant-General's Office, 1897, charges of 
smokeless powder have been substituted for the sphero-hexagoual 
I)owder at first adopted for the service of this piece. The four charges 
of smokeless powder, which are numbered and marked on the cartridge 
bag from one to four, inclusive, are respectively made to give nearly the 
same velocity as the corresponding charges (4, 6, 10, and 16 ounces) of 
sphero-hexagonal powder designated in the range tables dated August 2, 
1895, so that no changes in the tables are required. The weights of 
smokeless-powder charges are, approximately. If, 2§, 3J, and 5^ 
ounces, with an igniting charge of one-fourth ounce of black rifle pow- 
der. These give more uniform results for velocity and range than the 
former charges of black powder. But, like the latter, and as might be 
expected in view of their smallness, are very sensitive to differences 
in weight which may arise in making up the charges. This, combined 
with the variety of charges and the shortness of bore, which allows a 
part of the charge to be sometimes thrown out unconsumed, renders it 
difficult to obtain accurate ranges in the service of the mortar. The 
smokeless powder at present in use is the service .SO-caliber small-arms 
XM)wder. Experiments are in progress which may result in the adop- 
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tion of a smokeless powder of differeDt grannlation or composition, 
giving further improvements in ballistic results. 

Ounner^s quadrant — The gunner's quadrant now issued is designated 
^^ Model 1892, modified." The changes made from the model 1892 (see 
Plate IV, Appendix 32, Report of the Chief of Ordnauce, U. 8. A., 
1892) comprise a stronger and materially stiifer frame and a level of 
increased length. A scale of minutes is placed on the glass of the 
level to facilitate the centering of the bubble and enable slight angles 
of inclination to be read from the position of the bubble when not 
centered, 

I have the honor to submit herewith the following papers as appendices 
to this report : 

Appendix 1. — Report of action taken during the year ending June 30, 
1897, under the provisions of the act approved March 3, 1881. 

REPORTS FROM ROCK ISLAND ARSENAL. 

Appendix 2. — Report of principal operations (1 plate). 
Appendix 3, — Report on extraordinary repairs and improvements of 
dikes and dams of Rock Island water power (7 plates). 
Appendix 4, — Report on the manufacture of saddletrees (3 plates). 
Appendix 5. — Report on foundations of Shop G (1 plate). 

REPORTS PROM SPRINGFIELD ARMORY. 

Appendix 6, — Report of principal operations. 
Appendix 7, — Firings of .30-caliber rifle and carbine. 

REPORTS FROM FRANKFORD ARSENAL. 

Appendix 8. — Manufacture of small-arm ammunition. 

Appendix 9. — Utility of tinning cartridge shells. 

Appendix 10. — Tables of fire .30-caliber magazine rifle and carbine. 

Appendix Jfi.— Effect of temperature on velocity of .30-caliber ammu- 
nition (2 plates). 

Appendix 12. — Deviation of small-arm projectiles due to artificial 
wind pressure (5 plates). 

Appendix 13, — ^Tests of smokeless powder for small arms. 

Appendix 14. — Report of chemical laboratory. 

Appendix 15. — Reloading tools for 1.65-inch mountain gun (3 plates). 

REPORTS PROM WATERVLIET ARSENAL AND ARMY GUN FACTORY 

Appendix 16. — Report of principal operations (4 plates). 

REPORTS FROM WATERTOWN ARSENAL. 

Appendix 17. — Report of principal operations. 

Appendix 18. — Report on a striding clinometer for graduating the 
elevating circles of gun carriages (1 plate). 

Appendix 19. — Specifications for an electric-lighting plant at Water- 
town Arsenal. 
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MISCELLANEOUS. 

Appendix 20, — Instructions for inspection of telescopic sights. 

REPORTS FROM ORDNANCE PROVINa GROUND, SANDY HOOK, NEW 

JERSEY. 

Appendix 21, — Report of principal operations. 
Appendix 2Ui, — Summary of tests of smokeless powders. 
Appendix 22. — Cone of dispersion of shrapnel (19 plates). 

REPORTS FROM BENICIA ARSENAL. 

Appendix 23. — Report of principal operations. 
Appendix 24, — Tests of charcoal and smokeless powders, 

MANUFACTURE OF POWDERS. 

Appendix 25. — Report of the inspector of powder, 

CONSTRUCTION OF ORDNANCE. 

Appendix 26. — Progress report of the inspector of ordnance on the 
manufacture of steel forgings, castings, etc., for guns and carriages, at 
the Midvale Steel Works, Philadelphia, Pa. 

Appendix 27. — Progress report of the inspector of ordnance on the 
manufacture of steel forgings, castings, etc., at the Bethlehem Iron 
Works, South Bethlehem, Pa. 

Appendix 28. — Progress report of the inspector of ordnance on the 
manufacture of mortar carriages at the works of the Robert Poole & 
Son Company, Baltimore, Md. 

Appendix 29. — Progress report of the inspector of ordnance on the 
manufacture of ordnance material at the Kilby Manufacturing Com- 
pany, Cleveland, Ohio; the Niles Tool Works Company, Hamilton, 
Ohio; the Morgan Engineering Company, Alliance, Ohio; and at other 
works. 

I have the honor to be, very respectfully, 

D. W. Flagler, 
Brigadier- General J Chief of Ordna/nce. 
The Secretary of War. 
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Report of action taken during the year ended June 30, 1897, under the 

provisions of the act approved March 3, 1881, 

Note. — No purchases or sales have been made daring the year. 
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AXXUAL REPORT OF THE PRINCIPAL OPERATIONS AT ROCK ISLAND 

ARSENAL. 

(1 plate.) 

EocK Island Arsenal, 

Rock Islandj III,, July 31j 1897. 

Sir : I have the honor to report as follows regarding the principal 
operations at this arsenal during the fiscal year ending June 30, 1897 : 
. By Special Orders, Ko. 51, Adjutant- General's Office, of March 3, 
1897, I was placed in command of the arsenal, relieving Col. A. li. 
Buffington, Ordnance Department. Before that date, under his direc- 
tion, the completion of the bridge over the Mississippi Kiver between 
this island and the city of Davenport had been brought, in the fall of 
189G, to a successful conclusion. A full report of this work was made 
by him under date of March 10, 1897. 

Under his direction also the openings in the upper end of the Moline 
dam wall were closed, and the whole water power privilege heretofore 
used and unused by the Moline Water Power Company concentrated 
at the. junction of the stone and earthen dikes at the east end of Syl- 
van Island, a new concrete dam with openings being constructed for 
this purpose at that point. Lieut. Odus C. Homey, Ordnance Depart- 
ment, was in direct charge of this work, and his report concerning it is 
herewith appended (marked Appendix 3). 

TJie original plan contemplated, after closing the openings, placing a 
retaining wall in rear of the old Moline dam wall to secure the arsenal 
water power against destructive acrident or injury that might other- 
wise be caused by high water or freshets in the Mississippi River, but 
the unexpected cost of the work and of certain repairs to other dams 
and dikes provided for by the same appropriation compelled the cessa- 
tion of work last December for lack of funds, the appropriation being 
entirely exhausted before any of this embankment had been constructed. 

Some unusual precautions therefore became necessary during the 
period of high water in April and May of this year, which, as the full- 
Hood stage of the river was not reached, proved sufficient to afibrd the 
necessary protection, 
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Congress bas since by an appropriation approved June 4, 1897, 
granted a sum which will permit the construction of the retaining 
embankment to a height above the most extreme flood record, and the 
strengthening of the wall so that the necessity for future repairs should 
not arise for many years. It is proposed to take the material required 
from certain bars that have formed in the water-power pool or from the 
bottom of the pool itself, thus obtaining also a much-needed betterment 
of the water i)ower. 

By an act approved June 11, 1896, Congress appropriated $2,000 for 
painting the liock Island Wagon Bridge and the Moline Bridge, and 
81,175 for renewing the wood floor of the latter. The former bridge 
was painted in the fall of 1896. In the spring of this year the latter 
work was taken in hand, the old floor stringers which were much 
decayed removed and replaced by new, some of wrought-iron beams 
and some of wood, and a new floor planking laid. All the ironwork of 
the bridge was at the same time given two coats of paint. 

Throughout the island a careful cleaning up was made this spring; 
the surface was also thoroughly burned, destroying the dead grass, 
branches, and other accumulation. The roadways and their gutters 
between and back of the shops were also cleaned and put in good 
condition. 

The east steps of Shop G, which had settled somewhat, were taken 
down and rebuilt, and the bridge over the artificial lake north of the 
shops was repaired and placed in condition for use. 

The old pump employed to fill the high tank from the main reservoir 
being unequal to the work required, was replaced by a larger and better 
one, which it is not necessary to run more than eight hours per day. 

As previously stated, the liock Island Bridge was completed last 
fall. It has been in regular use since that time and has proved to be a 
most admirable structure. The traflic from January 1, 1^7, to June 30, 
1897, is given m the tbllowing table: 



JoBuarv. February. March. 



April 



May. 



June. 



Total. 6 
months. 



Eni^ee, north ^ 

£u((inee, ooath ■ - 60 

Engines with trains, nor 673 

Engines with trains, SOL . 707 

l*a(Menger car:», north . . 1. 364 

Pa«seng«r car*. 84>ath . . - ... 1. 384 

Frvijeht cam. north 7,706 

Freight can*, *oalh 7,931 

Street can*, north 2.560 

Street can*. i*«»uth 2,945 

TeaniA. north 18.104 

Tcsms. !M»uth 18. 1«>4 

Pciiet»trianm north -12, 643 

Pedet»trian!t. »i»uth SI, 612 

SteaniboatH. up nrer 

Stram boats, down river 

Baru*"*. up river 

Barnes, down rjvei 

Kaft» dunnriver 

Sin u::» of login, downriver 

Strings of lumber, down river 



67 


06 


04 1 


83 


78 


504 


63 


60 


"1 i 


56 


56 


375 


611 ' 


603 


673 ' 


730 


711 


4.100 


<30 


722 


713 


730 ' 


741 


4,243 


1.240 


1.403 


1,401 


1.432 ; 


1,445 


8.285 


1.242 


1.422 


1.418 


1.415 ' 


1.400 


a381 


7 550 


9,095 


8,621 1 


8,631 


0.874 


51,477 


7, 757 


8.517 


7.726 ' 


0,441 


0.704 ; 


51,l«i 


2.M8 


3,255 


3.180 


4.605 


4.830 


S1.0S8 


2.550 


3.286 


3.255 


4,710 • 


4,60) 


21,3if 


14.360 


20,491 


25.905 


25,110 i 


2S.530 


120.700 


14 060 


20.522 


24, 990 


26^288 1 


25.350 


120,314 


19,206 


24,335 


34,680 


31.400 


30,360 


172. CSO 


19,292 


24.111 


31.380 


:a.&50 


30,570 


173»5a 




25 


180 


241 


251 


70U 




29 


174 


247 


258 


7M 




4 
8 


26 
33 


50 
33 


52 

1 1 


132 




IM 




4 


52 


91 


73 


220 




29 


417 


815 


741 


2.oa 




--■--• — - 




74 


50 


133 



It is probable that some of the minor details of the mechanism for 
moving the draw may have to be strengthened or further ad^nsted, but 
the work will not be necessary before the close of navigation next faU. 

The painting must be reneweil at the earliest xxxssible date, it having 
entirely worn off in some of the more exiM>se<l places and being in poor 
condition throughout. An estimate for this work is submitted here- 
with. (See Enc. 3 of iHiiS.) 
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Except the repairs imperatively necessary uothing has been done to 
the floor stringers and planking of the Eock Island wagon bridge for 
some years, and they have now reached a condition when a thorough 
overhauling and replacement should be made. An estimate for new 
floor stringers and planking is submitted herewith. (Enc. 5 of 9468.) 

It is seven years since any extensive repairs were made to the arsenal 
railroad, and as a consequence many of the ties are now badly decayed 
and the road can only be used with extreme care. The entire roadbed 
should be carefully gone over and the majority of the ties replaced. 
An estimate for such work is submitted. (Enc. 6 of 9468.) 

The buildings which have been used for many years as post hospital 
and upper and lower stables are old frame structures originally erected 
as temporary barracks during the civil war, about thirty-five years ago, 
when the island was occupied as a post for prisoners of war. They are 
all, especially the former, unfit for the purposes to which they are now 
put. It is almost a cruelty to a patient to send him for treatment to 
such a building, the like of wliich probably does not exist at any other 
military post. The inspector-general of this district, in his report of a 
recent inspection of the post, states "The hospital is an old tVame 
building, utterly unfit for hospital puri)Oses, and not worth repairing." 
It is recommended that an effort be made to obtain an appropriation 
for new hospital and stables. Estimates have repeatedly been sub- 
mitted, and they are again included this year. (Enc, 5 of 9468.) 

During the fiscal year a large amount of infantry equipments, cav- 
alry accouterments, horse equipments, materials for target practice, 
artillery harness, carriages, caissons, projectiles, ammunition, and many 
other articles of ordnance stores were issued to the Army, colleges, 
and militia, and a quantity of similar articles, in an unserviceable con- 
dition, were turned in here to be repaired or broken up. Few articles 
were also received on purchase to be used in manufactures or for issue. 

The amount of these transactions is exhibited in the following table: 

» 

Receipts of ordnance aiorea. 
From Army, militia, and sundry persons 383 lots, 437,140 ])ouud8. 

Issues of ordnance stores. 

Lots. 

To the Armv 1,609 

To tlie militia 184 

To sundry persons •. 147 

Sales 223 

Total (weight, 1,914,630 pounds) 2,163 

The manufactures at the arsenal during the year have been of two 
general classes, the various articles of infantry equipments, cavalry 
accouterments, horse equipments, and other similar ordnance stores, 
which were made to a value of $235,571.89, and lield-gun carriages, 
limbers, caissons, battery wagons and forges, 5-inch siege carriages, 
7-inch howitzer carriages, siege limbers, with the necessary implements 
and equipments for the artillery service, and repairs to the same and to 
Gatling-gun carriages and limbers, all to a value of $182,713.78, or a 
total value for articles manufactured of $418,285.67. 

In addition a large amount of work was done on field and siege car- 
riages, which are still in hand and will not be completed until late this 
fall. The force employed, which was considerably increased during the 
last months of the fiscal year, numbered 550 employees of all grades at 
its close. 
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There waA no Tjarticnlar novelty about any of the fabrications except 
ID the cai«e of the saddletrees and the breech mechanism covers for 
caliber ^f magazine rifle and carbine. 

For many years the old saddles here in store left over from the sap- 
ply parcha^^ daring the war were dismantled as new were required^ 
the trees repaired and then covered^ and the saddle completed. This 
supply was, however^ finally exhausted about a year ago, when it 
beeame necei>sary to make new trees. 

Tlie fcomer commanding officer of the arsenal placed the supervision 
of this work in the hands of Lieutenaiit Horney, Ordnance Department^ 
who devised some of the methods and whose report upon tie fabrica- 
tion of the trees is herewith appended (marked Appendix 4). 

The Ijreech mechanism covers were first made of black enameled 
cloth, and 1,000 were issued for trial by June, 189G. The reports from 
the field showing that the cover, both as regards material and shape, 
was not entirely satisfactory-, I submitted to you a new sample in April, 
ISOfT, which being approved, 15,350 were made and issued to the Army 
by the close of the fiscal year. 

The cover made of the "No. 9 drab cotton duck used for the haversack 
is sewed with Xo. 30 drab linen thread and secured over the breech 
mechanism by two thongs of lace leather, f^or manufacture it is cut in 
three jiieces of the form shown in PI. I, which when assembled have 
portions fitting over the trigger guard and bolt handle, and the end of 
the bolt and the cocking piece; the long string at the front is wound 
round the cover and tied with the short one.at the rear end. The fold 
is well down on the side of the rifle and so placed as to prevent the 
entrance of moisture. 

For 100 covers, 21i yards, 30^ inches wide, of the cotton duck, one- 
fifth pound of thread and IJ sides lace leather are required. The cost 
is $20 per hundred. 

The buildings in regular use for manufacturing purposes are Shop C, 
the combined carpenter, harness, and machine shop, and Shop E, part of* 
which is used by the foundry and forging shops. In the former the base- 
ment and first floor are occupied by the machine shop, where not merely 
all metal work forming i)art of the large annual fabrications of infantry 
equipments, cavalry accouterments, and horse equipments must be con- 
ducted, and also the large amount of machine work in repairs, but all 
the manufacture of field and siege carriages, limbers, caissons, etc.. as 
well. For this double i>uri)()se both the building and the plant therein 
are totally inadequate to the expeditious and economical prosecution 
of the work, especially that of the latter class. 

The plan of the arsenal contemi)lates the equipment of Shop G as a 
siege carriage manufactory and the time has certainly arrived for its 
development. Estimates are submitted for preparing the basement 
and first floor of the west wing of Shop (r for the reception of machin- 
ery and for the i)urcha8e and installation of some machines particularly 
adapted to work on siege carriages; if granted this will allow more of 
the plant now in Shop O to bo limited to field carriage work, consider- 
ably enlarging the outi)ut of such carriages as well as those mainly to 
be fabricated in Shop (J. 

In the latter shop ns a<lditional funds might be provided the proposed 
siege plant could be extended to the full extent of the east as well as 
the west wing and more of Shop C could be employed on field carriages. 
This would ultimately give a ])lant adetiuate to the production annu- 
ally of 30 carriages and limbers for the 5-inch siege gun, 30 carriages 
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and limbers for the 7-incli howitzer, and a like number for the 7-inch 
mortar, and also carriages, limbers, caissons, etc., sufficient for 40 field- 
gun batteries of 6 guns each. 

During Indian troubles a few years ago it became necessary, in the 
efibrt to turn out promptly some ordnance stores required for immedi- 
ate issue, to run parts of the shops at night, which was done only under 
much difficulty on account of inadequate lighting, no provision for night 
work having been made, and the men being compelled to work under 
gi eat disadvantages by such lights as lamps or candles might afford. 
Since that date a partial lighting plant has been established, but it is 
not sufficient for the general illumination of either the office or the shop 
where it was introduced. More lights should be provided in the shops 
and the system extended to some other buildings, and to the main roads 
and avenues. An estimate for such a plant is sabmitticd. 
Respectfully, 

S. E. Blunt, 
Captain^ Ordnance Department^ U. 8. A., Commanding. 

The Chief of Ordnance, U. S. Army, 

Washington, !>• C, 
(9981— Enc. 2) 
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REPORT ON EXTRAORDINARY REPAIRS OF DIKES AND DAMS OF ROCK 

ISLAND WATER POWER. 

(7 plates.) 

Rock Island Arsenal, 

Bock Island, III., July 27, 1897. 

Sir: I have the honor to submit report as follows, concerniug ''Ex- 
traordinary repairs of the dikes and dams of the Rock Island Water 
Power," of which work I was placed in charge in June, 1896, by the 
verbal orders of Col. A. R. BuflBngton, Ordnance Department, then 
commanding the arsenal. 

At the beginning of the fiscal year 189(>-97 the work which remained 
to be done consisted in the closing of five of the gate openings in the 
Moline wall, and the erection of a new wall at the west end of the 
stone dike. 

The position and dimensions of this wall are shown in the drawing 
which was sent by the commanding officer of this arsenal January 23, 
1897, to the Chief of Ordnance, United States Army, 

In plan the new wall is L-shaped, the two wings being 192 and 208 
feet long, respectively, with a heavy triangular pier at the angle. 

The wheel openings are 25 in number, 12 in one wing and 13 in the 
other. 

Although the head of water is only about 8 feet, the great variation 
in the stage of water in the Mississippi River rendered it necessary to 
put the top of the wall at an elevation of 25 feet above low- water mark. 

As the bottom of the wheel pits is 5 feet 6 inches below low- water 
mark, the total height of the wall is therefore 30 feet 6 inches. It con- 
tains approximately 3,500 cubic yards of concrete. 

The gate openings are 8 feet square, with the top in the form of a 
segmental arch having a rise of 8 inches. 

The gates are made of cast iron, in five pieces, which work up and 
down between cast-iron slides bolted to the wall. 

The wall is 6 feet 6 inches thick at the base and 3 feet 6 inches thick 
at the top, with counterforts that extend back 16 feet and form the 
sides of the penstocks. 

The counterforts up to a height t)f 6 feet are 4 feet thick, and above 
that 3 feet thick, thus making an offset of 6 inches on each side upon 
which the flume floors will rest. 

Tliis form of wall was adopted as one giving great stability with a 
minimum number of cubic yards of masonry. 

The drawing referred to also shows the position of the new dike 
wliich it was necessary to construct in order to connect the old stone 
dike to the Illinois shore. 

The site of tlie new wall being under water, it was necessary to build 
cofferdams around it. 
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The work of placing the cofferdam in the tailrace below the site of 
the wall, preparations for which had been begun during the previous 
fiscal year and abandoned on account of high water, was taken up on 
the 1st of July, when the water had fallen sufficiently to allow the work 
to proceed. 

It was expected at first to provide for the sewage from Moline, which 
emptied into the tailrace above the ])roposed new wall, by placing a 
sewer pipe about 36 inches in diameter under the wall near the end 
next to the Illinois shore. 

In view of apprehended legal diflBiculties which might arise in case 
the flow of sewage were not amply provided for, the commanding oflScer 
decided to put in a sewer of such a size that no question could ever be 
raised in the matter. 

A concrete sewer 8 feet wide and 8 feet high was decided upon. 

The excavation for this sewer was very tedious and expensive, as the 
site of it had to be inclosed with cofferdams and a steam pump kept 
running continuously in order to keep it dry enough to do the work. 

As the flow of water in the tailrace could not be obstructed, the cof- 
ferdam across the tailrace could not be completed until the sewer was 
finished. 

The delay caused on this account was even more costly than the 
sewer itself, as it was absolutely necessary to carry on the work of 
removing the old stone dike, due to the short working season remain- 
ing after high water was over, even though it was done in very cramped 
quarters, and consequently to great disadvantage. 

The cofferdam in the water-power pool al)ove the new wall was 10 
feet thick and 16 feet high; the one in the tailrace was 6 feet thick and 
12 feet high. 

In pumping out the area inclosed by the coffers a 10-inch centrifugal 
pump was used, the power being a 20-horsepower electric motor. 

It was necessary to keep this pump running continuously during the 
progress of the work, as the seams in the rock permitted constant leak- 
age under the coffers, and there were, besides, several springs within 
the area inclosed. 

The old stone dike was removed by loading into dump boxes placed 
on small cars, which were hauled up an incline to the height of the new 
dike by a portable engine fitted with a hoisting drum. 

Four cars were taken out at once (each containing about three-fourths 
of a cubic yard), the line being attached to the rear end of the fourth 
car, which pushed the other three up the incline and around a curve in 
the track, whence they were carried by gravity to the dump and after- 
wards to the starting point, the track being laid in a continuous circuit. 

After the removal of the first 200 feet of the west end of the dike the 
surface of the rock was blasted off until hard, sound rock was reached; 
the wheel pits were also blasted out and all the rock removed was car- 
ried away in dump boxes on cars, a» in case of the stone dike. 

The riprap stones from the dike were reserved so far as was neces- 
sary for riprap of the new dike, the remainder being crushed for making 
concrete. The new wall is entirely of concrete. 

This material was chosen because it is more durable than any stone 
that could be procured with the means available, and because of its 
cheapness and of the rapidity with which it can be placed. 

In erecting the wall the foundations u]) to the level with the flume 
floor were flrst placed and allowed to harden for several days before the 
upper wall was begun. Alevel surface was thus secured upon which to 
erect the large molds. 
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These molds w(*re built of timbers 8 by 10 inches by 24 feet, placed 
vertically and tied together with three-fonrths-inch iron rods, which 
were left in the wall when the molds were taken down, the projectiiijr 
ends being afterwards cut off. The planking was 2 by 12 inches by 16 
feet, dressed to uniform thickness, and lightly nailed to the uprights at 
the cuds. 

The molds were 16 feet long, a counterfort being at the middle of each 
one, and one mold containing about 95 cubic yards was filled each day. 

The center of each section being taken at the middle of a counterfort, 
the vertical joint between adjacent sections came over the middle of the 
gate oi)enings. These vertical joints were made so that the two sections 
were locked together, thus : 

wm 




As ea<5h mold was filled from bottom to top in a single day, there are 
no horizontal joints in the wall, except at the top of the foundations. 
As a precaution against sliding at this joint, 3-inch planks were embedded 
in the foundation with their top surface flush with the upper surface of 
tlie conirete; when these planks were removed they left a series of 
<li*l»ressions in the top of the foundations, into which the concrete of the 
Willi was rammed. 

The object of building the wall in this manner — that is, in short sec- 
tions, with none but vertical joints — was to locate all cracks caused by 
shrinkage in setting and by contraction from cold at predetermined 
]M»ints, and to secure a number of small cracks instead of a few largeones. 
Tiiis mode of construction was adojited after observation of another water- 
])o\ver dam at Rock Island Arsenal, which is built of sandstone. During 
very cold weather a number of cracks are developed in this sandstone 
wall, due to the contraction of the masonry. 

In a total length of 650 feet can be counted eight vertical cracks, sev- 
eral of which are more than an eighth of an inch wide, the total con- 
tracrtion being about 1 inch. 

These cracks occur at irregular intervals and run in zigzag lines from 
the top of the wall downward. In some cases they coincide with joints 
betw een the stones, but in others they run through the stones, and in 
one case a large stone 2 feet thick is cracked through the middle from 
top to bottom. 

Had this unavoidable contraction caused the formation of 41 cracks, 
corresponding to the 41 gate oi)enings, instead of only 8, tney would 
e;ich have been only one-fortieth of an inch wide. 

^o setting cracks in the concrete wall were noticed, but as cold 
weather came on the joints opened very slightly, as was expected. 

No facing of sand and cement was used, the only attempt to make 
the surface smooth being to have the concrete thrown with shovels 
hard against the sides of the mold. 

The materials used in the concrete were Empire Portland cement, 
sharp, clean river sand, and crushed limestone, unscreened. 

The stone used for crushing had been exposed to the weather for 
years, was well seasoned, and very hard. Freshly quarried stone was 
used a little, but it was found that much less of it could be crowded 
through the crusher in a day. 
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About 50 per cent of this crushed stone would pass through a 1-inch 
hieve, about 17 per cent would pass a No. 3 sieve, and about 9 per cent 
would pass a No. 8 sieve. 

These materials were mixed in the following proportions: One barrel 
of cement, 4 barrels of sand, and 9 barrels of broken stone, each bar- 
rel of cement giving almost exactly a cubic yard of concrete when 
tamped to place. 

The concrete was mixed in a Cockburn-Barrow mixer with screw feed, 
and carried in dump boxes on cars to the point where it was to be 
l)laced. It was then elevated to the top of the mold by means of a 
crane derrick and a steam engine. 

The dump boxes used were made of a 2-inch pine planking, and were 
2 feet wide, 5 feet 4 inches long, and 14 inches deep. 

They were usually loaded with about one-fourth of a cubic yard of 
concrete. 

The derrick was on wheels and was moved along a track as the work 
jirojjressed. 

Ah the concrete was dumped into the molds it was spread by a gang 
of men working with shovels, who were required to throw the concrete 
hard against the sides of the molds, the shovelers being followed by a 
gjiiig of men who rammed it to place. The rammers used were made 
ot cast iron with wrought-iron handles, and weighed about 30 pounds 
each. 

The concrete, which was mixed as wet as it could be made without 
caiiHJng the mass to quake when tamped, was placed in thin layers (not 
over (J inches), and the ramming was very thorough. 

Less <;ement was used in this wall than is ordinarily the case in 
iiniiortant works. 

Two reasons for this may be given : 

First. The strength of the cement used was very high, and the terms 
of the contra(5t were such that it is believed very little inferior cement 
could have been passed, even had the contractors been inclined to 
attempt such a thing. 

Heeond. All vork was done by day labor, directly under the super- 
vision of the oHicer in charge of the work, and there was no temptation 
to do inferior work. 
Th(^ specillcations for cement were as follows: 

•Four tlioiiKjiiwl biinelH (more or It'Sii) ntht^ni .|iialltv Portland cement. The cement 
riM,nlre<lH»iall b« well Heanonoc and iiiUHt poKmrnH tlio lollowinK qualities: Fineness 
* ' --"Mgli a Hievo 50 l,y f>0, omuuI to 2,5(M) nieelies ner «n„ J^ inT 




V)«liverieB are to be made iib roUowH: I- vc nuntir«a barr«U innnodintolv iVnon w r 
l)ell\ eriea "*^'; *r f u^i tue remalnd<T in mirh (|uuiit t bm and nt J.i..^ 1-^ ^ notiii- 

catl<m of ««f ^Pf'^"' f °L, The United Htato. re««r'veH th« riih 1 1 h«l. ^'"^^'^ ^« *h® 
"°^^^:^- ?!;!l\%'L^*ieit^^ barndH of ea. h carload lot. ai^'lf iL'rr-^;.^^--!, 



The price K»Y*7 "' ^.7. "^^hI be required to enUT into u fov^uni wrltt«. 
with V^oa'^ai'Id^"^ ^^' ^^"^ ^•^^^'^ P«rformauou of ZZ'^'''' <^o"tract, 
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Althoagh all the acceptance tests of all tbe cement received were 
entirely satisfactory, another series of tests were carried on during the 
progress of the work which was considered of more value and 
importance. 

These tests were as follows : 

Briquets for both tension and compression were made in the field 
out of the mortar for the concrete. The concrete was taken just as it 
came from the mixer, the stone picked out by hand, and the mortar 
used for the briquets. 

The briquets for tensile tests were of the standard dimensions, those 
for crushing were 2 by 2 by 4 inches and were intended to be crushed 
on end. 

Most of them were so crushed, but in order to see how much stronger 
they were on the side a few were crushed in that position. Strange to 
say, but comparatively little difference in the strength was noted, as 
may be seen from subjoined tables. 

The average crushing strength per square inch at tbe end of thirty 
days when broken on end was 1,242 pounds, and when broken on the 
side was 1,671 pounds. 

At the end of ninety days the average crushing strength per square 
inch was 1,469 pounds when broken on the end, and 1,937 pounds wheu 
broken on the side. 

At the end of one hundred and twenty days the average crushing 
strength per square inch was 1,675 pounds when broken on end, and 
2,249 pounds when broken on the side. 

In addition to these small briquets from the mortar there were also 
a number of concrete blocks made for crushing. 

The clamps at present on the testing machine are adapted to crushing 
specimens whose horizontal dimensions are less than 4 by 6 inches. 
As an alteration in these clamps would have involved considerable 
expense, all the concrete blocks were made 3f inches wide and 5f 
inches long and 8 inches high. 

A few blocks 3J by 5| by 27 inches were also made for breaking by 
transverse stress. 

When it was noticed how little difference there was in the crushing 
strength per square inch of the small specimens when broken on end 
and when broken on side, it was decided to extend this test to the 
larger specimens. Three of these long blocks were sawed in two, 
making from each two blocks for crushing 8 inches and 19 inches high 
respectively. 

The crushing of these gave results even more remarkable than tljose 
obtained in the case of the small ones. 

The crushing strength per square inch of the three blocks 8 inches 
high was 1,486, 1,396, and 1,309 pounds respectively, while the cor- 
responding pieces which were 19 inches high gave 1,391, 1,577, and 
1^345 pounds respectively, which was higher on an average than in the 
case of the three 8-inch blocks. 

Particular importance is attached to these field tests, as it is thought 
that they show more nearly what was the actual strength of the 
material as it went into the wall than could any laboratory tests, how- 
ever carefully made, and the results obtained indicate very clearly the 
value good concrete would have for use in columns or high thin walls. 

The results obtained in these tests are given below in tabulated form. 

The work of placing'the first concrete for the foundation of the wall 
could not be begun until October 20, and yet^ in spite of a number of 
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days being lost on account of the weather, the last section of the wall 
was completed on December 9, 1896. 

Since that date no work looking toward the completion of the removal 
of the remainder of the old stone dike has been done. 
Very respectfully, your obedient servant, 

Odus C. Hobney, 
Lieutenant J Ordnance Department^ U. S. A. 

The Commanding Officer, Rock Island Arsenal, III. 

TABLE OF TESTS. 

Tensile tests of mortar used in the construction of water-patcer dam at Hock Island 

Arsenal, III. 

(Concrete from which this morlJtr was taken waa composed of 1 part Empire Portland cement, 4 

parts sand, and 9 parts crushed limestone.] 



No. of 



speci- j 
luen. i 



2 
3 
4 

5 

1 
2 
3 
4 
5 



1 
2 
3 
4 
5 



1 
•» 

3 
4 

5 
G 
7 
8 
9 

1 
o 

3 
4 

5 



1 
2 
:{ 
4 
5 



Dimensions. 



Area to 
which 
stress 

was ap- 
plied. 



Duration 
of test. 



' Breaking 
I stress 



I 



St-andard tensile ' | 7 days. 

briquets. 

do 

do 

do 



.do 

.do 

do 

do 

.do 

.do 



.do 
.do 
do 
.do 
.do 



.do 
do 

.do 

.do 
do 

-do 
do 
do 

.do 



.do 

do 

do 

do 

.do 



.do 
.do 
do 
.do 
.do 



do 

.do 

.do 

do 



.do 

do 

.do 

do 

.do 



30 



days, 
.do., 
.do ., 
.do .. 
..do .. 



60 days. 

do .. 

do .. 

do .. 

do .. 

do.. 

do . . 

do .. 

do .. 



1L>0 days. 

do... 

do... 

do ... 

do ... 



.do 

do 

do 

do 

.do 



per 

square 

inch. 



160 

164 
120 
150 
145 

146 
145 
152 
149 
144 



157 
157 
200 
162 
196 



207 
206 
250 
222 
209 
220 
203 
209 
204 

337 
357 
378 
370 
280 



Remarks. 



70 1 



290 
294 
294 
293 
298 



Made from mortar ftrom machine- 
mixed concrete November 16. 
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Weather dry and moderate. 
Briouets remained in open air 
48 tiours and then placed in 
water. 
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Weather warm and damp. Bri- 
(lucts left outside. The 26th 
it rained all day and in the 
evening changefl to freezing. 
Bri(i nets remained in thefreez- 
lug weather until the 28th. 
Immersed in water the 30th. 
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Cnishing teats of concrete vaed in construction of waier-power dam at Bock Island 

Jrsenal, III, 

[Concrete composed of 1 part Empire Portland cement, 4 parts sand, and 9 parts crushed limestona*] 
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liEPORT ON THE MANUrACTURE OF SADDLETREES. 

(3 plates.) 

Rock Island Arsenal, 

Eock Island^ III., July 31^ 1897. 

Sir : I have the honor to submit report as follows concerning the 
manufacture of saddletrees at this arsenal, of which work 1 was placed 
in charge in March, 1896, by the oral orders of Col. A. R. Buffington, 
Ordnance Department, then commanding the arsenal. 

In the manufacture of saddles at this arsenal old saddletrees have 
been used exclusively, until recently. The old trees that have been 
used were handmade, and varied considerably in size and shape, and 
it became necessary to prepare maximum and minimum gauges for each 
size of tree, in order to determine which should be used and which con- 
demned. 

In March, 1896, I inade an examination of the old saddletrees then on 
hand, with a view of determining how long the supply would last. 

As it was evident that the manufacture of new trees would Lave to 
be taken in hand at an early date, a careful inspection of old condemned 
trees was made, to determine, if possible, what were the weakest points 
in their construction, so that in the new trees these detects might be 
remedied. 

It was found that a great number of old trees were broken through 
the pommel, while others were rendered unfit for use by excessive warp- 
ing of tbe side bars. 

These were almost the only causes for the rejection of saddletrees. 

To remedy these defects I devised a form of pommel aic and can tie 
arc which, it is believed, entirely overcomes the difficulties mentioned. 

On March 30, 1896, pursuant to oral instructions from the command- 
ing; officer, I made a written report of the matter and submitted a model 
saddletree fitted with these new arcs. 

In preparing this tree, the hasps or straps with which the stirrup 
loops were secured to the side bars were made with half-round ends 
instead of square ends as heretofore. This was done so that the mortise 
into which these hasps fit can be cut out on a molding machine. 

The shape of the tree is that approved and recommended by the 
cavalry equipment board of 1874, as modified by the cavalry equipment 
board of 1884. 

It follows the drawings made at this arsenal April 26, 1886. 

This model was approved by the Chief of Ordnance April 4, 1896, and 
the commanding officer of this arsenal was directed to prepare fifty 
saddles of the new model for trial jn service. 

The turning of the side bars, due to their very irregular shape, requires 
a very strong, rigid machine, and as it was found that such a machine as 
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was needed would be very expensive to buy, a form of eccentric lathe 
adapted to this work was devised and manufactured at this arsenal. 

On account of the press of work in the machine shop considerable 
time elapsed before this machine was comideted. 

The fifty saddles for trial were completed on February 18, 1897, and 
are now in use. 

The tree consists of 2 side bars, 1 pommel, 1 can tie, 1 x>ommel arc, 1 
cantle arc, 2 stirrup loops, 2 stirrup-looi> hasps, 18 rivets, and 8 screws. 

It was necessary to do some experimenting to determine the best 
methods for manufacturing these trees. The following is the method 
final ly worked out: 

The side bars are made of basswood, on account of its lightness and 
the difficulty with which it splits. They are first roughly sawed to 
shape, as shown in fig. 1, 1^1. 1, and then turned out on the eccentric 
turning lathe above referred to, which turns two pieces at once. The 
side bar as it comes from the lathe is shown in figs. 2 and 3, PI. I. 

After being turned the side bars are fitted U) cast-iron forms and 
smoothed on a sandpapering machine. The mortises for the stirrup-loop 
hasps are then cut on a molding machine, the side bars being held in a 
jig to secure uniformity in the position of these mortises. The finished 
side bar is shown in fig. 4, PI. I. 

The pommel is made of ash in two pieces, fitted and glued together 
with a tongue and groove joint, as shown in figs. 10 and 11, PI. I. The 
tongue is made with the grain running at right angles to the line of the 
joint. The pommel is first sawed roughly to shape on a band saw, as^ 
sbown by dotted line, fig. 10, and tlien brought to proper dimensions on 
molding or shaping machine. 

The faces which come in contact with the side bars are brought to 
the ])roper bevel on a disk sand])apering machine. 

The mortise is first bored and then cut out under a boring and mor- 
tising machine, the ])ommel being clamped to a jig, so that all are cut 
exactly alike. The finislied pommel is shown in tigs. 12 and 13, PI. 1. 

The cantle is made of ash in two pieces, which are fitted together as 
in the case of the i)oinmel. After being sawed roughly to shape on a 
band saw it is turned to its finished dimensions on a lathe. 

The surfaces which come in contact with the side bars are brought to 
])r()per bevel on a disk sandpapering machine, and the mortises are cut 
out as described for the pommel. Figs. 5 to 9, PI. I, illustrate the proc- 
ess of manufacture of the cantle, figs. 8 and showing its finished form. 

The ])<)mmel and cantle are each secured to the side bars with No. 12 
iron screws, two 1 J inches long and two IfJ inches long. 

In the old saddles this wns the only connection between pommel and 
cantle and side bars, but in those now manufactured they are further 
connected through the new form of pommel and cantle arcs above 
referred to. 

The pommel arcs are made by first punching out the blanks from soft 
sheet steel of No. Ki gauge (Stubbs). The blanks are heated and 
pressed to shape between (lies on a bulldozer, and the edges are then 
ground ofi to a bevel, so that when the tree is covered there will be no 
sharp edge to cut the rawhide. 

The pommel arc is sha])ed to the angle between the side bars and 
the front of the pommel, and is secmred to the jdane surfaces of the^ 
side bars and to the front face of the pommel by No. 8 iron rivets — twa» 
in pommel and two in each side bar. 
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The cantle arcs are made of the same material and in the same way 
as the i)ommel arcs. They are shaped to fit the curved surface of the 
back of the cantle and the plane surfaces of the side bars in rear of 
cantle. 

The method of fastening is exactly the same as in case of pommel 
arc. The forms of the pommel and cantle arcs are shown on PI. II, 
figs. 1 and 2, and their position on the saddletree is shown in fig. 3, 
same plate. 

The stirrup loops are secured to the side bars by means of straps, 
which are riveted by three No. 8 rivets, arranged in zigzag order, so 
that no two shall be in line with the grain of the wood. The straps 
are of low steel No. 18 (Stubbs's gauge). 

The different parts of the saddletree are assembled on cast-iron 
' forms, so that they are very uniform in size and shape. 

The tree, after being painted with white lead, is covered and trimmed 
in the same manner as were the old trees heretofore used. 

The following is a bill of material for one saddletree : Two pieces bass- 
Irood 2i by 7 by 26 inches; 2 pieces ash 1 J by 3 by 8 J inches j 2 pieces 
ash IJ by 5 by 8^ inches; 1 piece 2^ by 14| by 0.066 inch, 1 piece 2^ by 
12J by 0.065 inch, 1 piece 1-^ by 9f by 0.049 inch best quality low 
decarbonized sheet steel; 1 piece best wrought- iron wire (annealed) 
0.284 inch diameter by 10^ inches long. 

Note. — In ordering lumber about 6 per cent of wastage should be 
allowed for. 

Very respectfully, your obedient servant, 

Odus 0. Hornby, 
Lieutenant, Ordnance Department, U. 8. A. 

The Commanding Officer, Eock Island Arsenal^ III. 

(9981— Enc. 3) 
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REPORT ON FOUNDATIONS OF SHOP G, ROCK ISLAND ARSENAL. 
[By Lieut. CoL D. W. Flagler, commanding, for year ended June 30, 1878.] 

(1 plate.) 

SHOP G. 

IROl^ WORKING AND FINISHING SHOP FOR THK ARSENAL. 

The foundations of this building were completed during the fall of 
1877, the footing stones put on, the front area walls built, sewers and 
water pipes put in, the stone for the basement story purchased and 
cut, and the iron beams for one-half of the first floor purchased and 
fitted ready for putting in position. 

A full description of the difficiilties encountered in getting founda- 
tions for a portion of this building, with drawings and descriptions of 
the foundation walls and strata passed through, were sent to you with 
my last annual report (1877). 

The portion of the foundations put in during this fiscal year are 
shown on drawing A, transmitted herewith and included between G 
and M in the plat of the building. (See fig. 1 on drawing A, transmitted 
herewith.) The strata passed through are shown in fig. 2. This draw- 
ing, in connection with drawings D and E (No. 549 a and b, E. I. A.), 
sent with my last annual report, give a complete description of the 
foundation of this shop. 

In prosecuting the work on the foundations during the present fiscal 
year (in the fall of 1877) great difficulty was found in procuring satisfac- 
tory foundationsfi*on>xtoq on fig. 1. Thedepth of excavation atthispoint 
was 54 feet. Th e general character of the strata passed through was soft, 
yielding clay with loose rock, sometimes in large masses, bedded in it. 
Some of the pieces were estimated to contain over 30 cubic yards, 
weighing diboxxt 67 tons, and as the excavation passed below them they 
settled very slowly, crowding against the sheathing with such force as 
to crush the heaviest timber I could put in. It was necessary to remove 
these, and in doing this and in excavating for and testing rock for 
footing for arches to build on the excavations extended in two places 
16 feet laterally from the lines of the building. Below the level of the 
river the flow of water into the excavation indicated that it came 
through seams in the rock from the bed of the river. Two steam pumps 
with 325 gallons per minute capacity were employed night and day in 
pumping, and the workmen had generally to carry on the excavation 
in water from 1 to 2 feet deep, which interfered seriously with progress. 
The material was hoisted out in buckets with steam i)ower. 

After reaching a depth of 27 feet I made careful soundings and bor- 
ings to determine whether piling could be resorted to, but the above 
description of the strata found shows that this was not feasible. 
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REPORT OF PRINCIPAL OPERATIONS AT SPRINGFIELD ARMORY 
DURING THE FISCAL TEAR ENDED JUNE SO, 1897. 

Springfield Akmory, Mass., August 27^ 1897. 

Sir: I have the honor to submit the following rei)ortof the principal 
oi^erations at this armory during the year ending June 30, 1897 : 

buildings and grounds. 

The second new set of quarters for officers remains in the same 
unfinished state as at last rei)ort, no funds having been furnished for 
its completion. 

In the main arsenal an hydraulic elevator has been erected capable 
of carrying a load of 1,200 pounds to the third tloor. This has added 
greatly to the value of the building as a storehouse. 

All the shops and quarters and other buildings have received from 
time to time such repairs as were needed, and they all, with the excep- 
tion of the want of new paint on the exterior of some, are in very good 
order. All the quarters, the barracks, and the hospital have in the last 
few years had the plumbing repaired and altered, and all now have a 
modern system. 

The fence about the square which contains the new shops has been 
repaired and ])ainted with two coats; the same has been done to the 
fence about the grounds at the water shops. 

The city has recently gra<led and macadamized the portion of Allen 
street, the property of the United States, lying along the land about 
the water shops, and the tracks of the Springfield street railway are 
now to be extended over Allen and Mill streets, the Secretary of War 
having granted a ** revocable license" for that purpose. 

MAGAZINE RIFLE AND CARBINE. 

All the arms fabricated during the year have been of model 1896, the 
distinguishing features of which have been already described. A slight 
modification has been made in the shape of one of the holes in the butt 
of the stock, whereby a small oiler of brass, nickeled, can be carried in 
each arm with the sectional cleaning rod. 

The arms in the hands of troops having been provided with rear 
sights, model 1890, the manufacture of an extra number has been con- 
tinued, and all the arms in store with the model 1892 sight have been 
supplied with new sights, except about 3,000, on which the change will 
be made within a few months. 

The change in the operation of the cut-off, heretofore projwsed, and 
which at date of the last annual ro])ort had not been found to work 
satisfactorily, has now been accomplished and can be carried intoeflect 
whenever ordered. 

6l» 
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By this alteration, the thumb piece of tlie cut-off will be turned down 
when the magazine is *' oft" and up when the magazine is "on." It is 
also contemplated to shorten the spindle body of the cut-off, that there 
may be less liability of the bolt jamming a cartridge under certain 
movements. 

The determination of the deviation of the rifle and carbine has met 
with much difticulty and many delays, on account of the almost impos- 
sibility of obtaining on any range a total absence of wind. 

Firings have been had at the ranges over the water shops pond, at 
Sandy Hook Proving Ground, and at a range obtained on private 
property, situated about 6 miles from the armory, the owners of which 
have kindly loaned their land. 

For three months during this summer a party of employees, good 
marksmen, have been camped at this range and have taken advant-age 
of every suitable moment between daylight and dark to make the tar- 
gets desired, and still, with all the time and labor expended, all of 
those required have not been obtained. A complete report of what has 
been accomplished will be submitted later. 

Firings to determine the eft'ect of the wind on the .30-caliber bullet 
have been conducted and completed; the results will be reported 
within a short time. 

MANUFACTUBE OF AKMS. 

The machines, fixtures, and tools used in manufacture have worked 
during the year with entire satisfaction, and the arms turned out are, 
it is believed, the best made and the most accurately constructed ever 
produced at this armory. 

Continued attention to the barrel-drilling machines has resulted in 
obtaining in a given time better and more work than, it is understood, 
has yet been accomplished by any private factory. 

One man now operates ten spindles, and in a day drills 60 rifle or 75 
carbine barrels, and these are so true that the labor and skill reqdired 
to straighten them thereafter has been greatly diminished. 

The barrels are rolled from a bar 1.15 inches instead of 1.4 inches in 
diameter, as heretofore, and six grooves in the place of eleven are used 
in the rolls; the forms are brought much nearer to the flnished shape, 
and thus the amount of turning is diminished and a more accurate sur- 
face obtained. Less metal remains to be removed in polishing. The 
operation of <^ second polishing" has been abolished, and it is hoped 
some simplification can be made in the ^' first polishing." This change 
has nearly doubled the daily work of one man. 

Younger labor on the turning operate ten lathes per man and turn 
out with lathes 220 carbines per day, first and second turned. Both 
the drilling and turning are now paid for by the piece. 

The reaming and straightening of the barrels, which were formerly " 
worked together, have been separated and a piece price put upon each. 
This has rendered it practicable to use a different grade of workmen 
and has resulted in benefit to the shop. 

In the rifling, two men operate 18 machines, turning out daily IdO 
barrels for carbines and a proportional number for rifles. 

As the plant for forging receivers has a capacity of only 160 per day, 
two additional coal furnaces have been built during the year, which, 
with one 1,800-ponnd drop hammer to be put in, will double the "out- 
put " of receiver forgings. 
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A double exhaust fan, 40 inches in diameter, has been provided to 
carry off tlie gases and smoke from the receiver forges and to ventilate 
the space about them for the comfort of the workmen. 

A 34-inch exhaust fan has been placed in the polishing room at the 
water shops, which adds much to the ventilation and comfort. 

A new pickling house, of brick, has been built, to replace the frame 
building, which had become irreparable, rotten, and eaten by the acid. 

The generator for the gasoline gas for forging having become unserv- 
iceable, and a new one having been judged necessary, consideration was 
given to the change of a number of the forges from gasoline to coal. 

When gasoline gas was introduced for lighting the water shops, the 
price of coal gas was high and that of gasoline low. This has become 
reversed, and as the light from the latter was very inferior its use was 
discontinued, and in November last connection was made for the city 
gas, which has since been used. 

The plant for the illuminating gasoline gas is now being employed 
and furnishes all the gas required for forging, the amount necessary 
having been much reduced by the forges, which have been altered to 
burn coal. This gives excellent forgings and the promise that they 
will be obtained at a reduced cost. 

The extension of "face milling," referred to in report of last year, has 
been accomplished, with very satisfactory results. 

One of the Pratt & Whitney Company's machines has taken the place 
of nine plain milling machines. The work is excellent and the amount 
per day increased, as shown by the operations on the following parts^ 
worked on the one machine: 



Ejector, rieht side, per day 

l3eotor,left nide, per day 

Rear-sight slide, bottom, per day 

Rear-sight slide cap, bottom, per day. 

Rear-sight slide cap, top, per aay 

Sear, right side, per day 

Sear, left side, per day 

Trigger, right side, per day 

Trigger, lefb side, per day 



Plain 


Face 


milling. 


milling. 


240 


2,000 


240 


1,400 


450 


2,000 


450 


1,500 


450 


1.200 


135 


1,100 


185 


800 


a 350 


900 


a 265 


600 



add method. 

The same single cutter, in one piece, is employed for the ejector, 
slide, and cap. The sear being of two thicknesses, has a double cutter 
of two concentric cylinders, and the trigger being of three thicknesses, 
has a triple cutter of three concentric cylinders. 

The differences in the number of pieces per day for the two sides of a 
component are due to the time required to gauge the second cut on each. 

The three plain milling cuts on the edges of the trigger have been 
reduced to two, and these combined on one machine, thereby dispensing 
with two machines; a similar combination has been made on the sear, 
and one machine now makes the necessary cuts. 

Some oi)erations on the sleeve and on the cocking piece have been 
transferred to screw machines, and thus is produced bettor and cheaper 
work. 

The handle of the bolt, formerly tuiiied on a lathe, is now clamp- 
milled, giving a surface equally as good and at less cost. 

It having been decided to supply an oiler, to contain cosmoline oil, 
for use with the magazine arms, a pattern has been adopted which can 
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be carried either in the butt of the stock or in a loop of the cartridge 
belt. As the arms in service have not the stock cut for this i)urpo8e, 
the oilers have been issued to each noncommissioned officer with troops^ 
to be carried in the belt. 

The oiler is now placed in each arm fabricated ; a drawing showing 
its construction is herewith. 




"■^^^^^■gi 



iiimnat 



Wire fixed to screw cap. 



3.25 



I 



! 



During about two and a half months of the year the quality of steel 
for barrels required was not furnished by the contractor, and this 
caused a deficiency in barrels, whilst the work on the other components 
])rogressed regularly; the assembling of guns had to be suspended. 
When the barrels were forthcoming in May last the deficiency was 
commenced to be made up by assembling 200 arms x>er day. This is 
still carried on, and will be till the accumulated parts have been 
exhausted, when a return will be made to the " output '^ of 120 'pet day. 

GATLING GUNS AND BEVOLVEBS. 

The 18 Gatling guns, caliber .30, model 1893, with tin feed strips, 
which were ordered to be converted at this armory to model 1895, with 
Bruce feed guide, have been completed. 

Seventy-six Gatling guns, caliber .45, of various models, have been 
sent here for conversion, all to be adapted to use the Bruce feed. Work 
upon these alterations has been commenced. 

A contract with the (jatling Gun Company for 31 guns, caliber .30, 
model 1895, made by the Bureau March 8, 1897, is in course of execu- 
tion, the guns being made at the factory of the Colt's Patent Fire- Arms 
Manufacturing Company, Hartford, Conn. ; the inspection is to be done 
from this armory. 

The 8,000 Colt's double-action revolvers, caliber .38, model 1892, pro- 
cured and issued to the service have all been withdrawn for alteration 
to model 1894, and have been replaced by either new or altered revolvers 
of the new model. 

As it was estimated that this work of alteration and refitting could 
be done at this armory at a price much below that offered by the manu- 
facturers, authority was given by you for the work to be done here. 

Up to the end of the year 4,000 were altered and made as good as 
new, and the estimated cost not exceeded. 

The parts of new pattern required, viz, hands and springs, locking 
levers, and locking-lever screws, have been purchased of the Colt's 
Company, and the work of fitting them to the revolver, cleaning, bluing, 
browning, and repairing the worn parts, and replacing those unsuitable 
for use is done at the armory. 

CONSTRUCTION OF BARRELS. 

During the year continued attention has been given to the metal for 
rifie barrels and the best methods of treating it to obtain the most 
satisfactory results. 
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It has been found entirely possible to obtain a simple carbon steel 
possessing an elastic limit of 75,000 pounds with suitable elongation 
and contraction, but the high physical properties do not indicate that 
the metal is not too brittle for a good barrel. 

Much information has been reached by breaking barrels at different 
stages under a drop hammer, the blow used being always the same. 
This resulted in resort being had to different methods of annealing 
the barrels to produce greater toughness. After rolling, in order to 
machine the metal with success the forms must be annealed in char- 
coal. To restore the properties thus lost, experiments were made, first, 
to reheat the annealed forms in the barrel furnace and allow them to 
anneal (cool) in the air, protected from a draft; second, to heat 9 
inches at the butt of the finished barrel in a coal furnace and allow it 
to anneal (cool) in the air; third, to heat inches at the butt of the 
finished barrel in a gasoline fire, then remove it and cool by running 
oil through the interior. 

Each one of these treatments produced an increase in the toughness, 
modifying the brittleness existing. The effect upon the physical prop- 
erties of the steels treated is shown by the tables herewith. 

The temperature of the furnaces used, determined by a Siemens 
water and ball pyrometer, was l,350ofor some st^eels and 1,600^ for 
others, it having been found that the same heat for all steel did not 
produce the same result. 

The manufacturers, to produce a stronger and sounder metal, had, 
besides altering the treatment, increased the proportion of manganese. 
This increased the hardness and brittleness of the metal by developing 
the full hardening power of the carbon, and caused the demand that 
the barrels should be annealed by reheating and cooUng in air at some 
stage of fabrication. 

The result was still not all that was desired. Difficulties arose at 
different operations of machining, and to eliminate the barrels that 
might contain lines of weakness or other defects the charge for proving 
was increased to give a pressure of about 75,000 pounds, and thus weak 
metal ruptured at the proof stage and only reliable barrels, believed to 
be, allowed to pass. 

It was considered that the addition of manganese was one source of 
injury, and after this view had been confirmed, by consultation with 
Mr. Howard, of Watertown Arsenal, a standard for analysis was fixed. 

The Bethlehem Iron Company undertook to overcome the greatest 
defect found in the barrel steel, seams and lines of weakness due to 
primary and secondary <' pipe," and after continued urging from this 
office made some very careful heats and produced the metals, test 
numbers 103 to 115, Table I. 

These, though improvements upon much of the metal previously fur- 
nished, still contained lines of weakness, and metal of bad quality 
arising, principally from the use of too much of the upper end of the 
ingot, finally it was agreed that at least 50 per cent of the ingot should 
be rejected, 5 per cent from the bottom and not less than 45 per cent 
from the top. The result was metal 75-8, S. Table I, test 120. 

This steel gave very satisfactory physical properties and fracture, 
and when heated and cooled with oil produced a barrel superior to 
any obtained previously from a simple carbon steel by the Bessemer or 
oi)en-hearth process. 

Based upon these results and experiments, the following specifica- 
tioiis were prepared and issued in advertisement for barrel steel, and a 
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bid of the Spaulditi^ & JeDnings Company for Bessemer steel to fill 
these requirements has been accepted and is being carried out, viz : 

SPECIFICATIONS. 

Two hundred thousand pounds, more or less, of steel for harrels of rifles and car- 
bines; in bars 1.15 inches in diameter. To bo a simple carbon steel, made by the 
Bessemer, open-hearth, or crucible process ; to have elastic limit from 70,000 to 75,000 
poimds, and higher, if practicable ; ultimate tenacity from 100,000 to 120,000 pounds; 
elongation from 15 to 20 per cent, and contraction from 35 to 45 per cent; must be 
homogeneous in structure, free irom seams, lines of "weakness, ana all foreign mat- 
ter, and must be capable of being worked with accuracy in drilling and turning with 
the tools now used at this armory for the purpose. 

The metal must be such that it will not stretch excessively, in proof under 70,000 
pounds pressure, or in continuous firing in the gun with service ammunition of not 
over 40,000 pounds pressure. 

The analysis of the steel shall give: Carbon, about 0.50; manganese, 0.80 to 1 ; 
silicon, 0.10 to 0.18; sulphur, uot above 0.08; phosphorus, not above 0.06; nickel, 
none. 

The physical properties and analysis admitted shall be those determined by the 
Ordnance Departuient. 

The billets, however made, before being heated for rolling, must be carefully 
inspected, and all that show evidences of seams or other defects must be rejected. 

The stock used must be thoroughly ''welded'' and allowed to cool, and then 
inspectiHl for seams. 

The bars must be rolled at a uniform temperature to exact size, and, when finished, 
trimm(>d by hand with chisel and sledge, and if any appearance be found of defects 
from piping or other cause, such bars shall be rejected. 

The following specificationn for steel by the Bessemer process shall be observed for 
open-hearth and crucible steels wherever it may be possible to apply them, especially 
that ibr the portion of each ingot to be discarded, viz: 

1. This steel to be made from special iron of high grade, carefolly selected. 

2. Particular care must be given to the melting and blowing, and the metal must 
be thoroughly agitated in the ladle after reearburization to insure the uniform admix- 
ture of recarburizer, and then held at least five minutes before teeming into the 
molds. 

3. The molds must be carefully prepared, and be free from patching and other 
defects. The teeming of the metal into the molds must be done with care, to provide 
against the splashing or scattering of the metal. 

4. The ingots must show no tendency to rising at the top, and when sufficiently 
solidified, must be carefully heated ana rolled. 

5. At least 5 per cvni from the bottom and 45 per cent from the top of the ingot 
will bo discarded. 

6. The blooms must b(> cut by means of a hammer, and not sheared, and all blooms 
showing any indications of pipe will be rejected. If any surface cracks or defects 
develop during rolling, so much of the bloom as show these defects must be cnt oft 
and discarded. 

7. In reheating the steel, particular care must be taken to avoid all danger of 
causing internal rupture of the metal. 

In any case, to fill the requirements will demand much care and labor, and con- 
stant attention, to insure the billets being of the proper quality, and that they be 
properly and thoroughly worked into bars ; in no other way will the metal songht 
be obtained, and from experiences had, it is believed that due attention to the stipu- 
lations will pro<luce » steel such as is required, and one much better adaptx^ t£an 
those obtained heretofore to the purpose for which it is to be used. 

Manufacturers who may intend to submit proposals will prepare and send to the 
armory, at once, for test, a sample of from 600 to 800 pounds (sufficient for 100 bar- 
rels) of the steel they may propose to furnish ; for this sample payment will be made 
at the price bid. 

Of any sample that may be found satisfactory, 100,000 pounds or more may he 
onlered, and contract may be made with two or more bidders for such an amount. 

The party or parties to whom award may be made will be required to enter into 
the usual written contract, to be executed within ten days after receipt, with proper 
lK>nd, and shall therein agree to make good, by deduction from cost of metal rar- 
nished, all loss to the United States for material, labor, and tools expended on infe- 
rior metal rejected, that may exceed 3 per cent of the amount received. 

The Ordnance IVjiartment will reserve the privilege of sending an inspector to 
witness each operation of inauuiacture, ;ind every facility must be given him Ibr 
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verifying the compliance -with the specifications, and failure to meet the require- 
ments will be sutficient cause for the rejection of the material. 

Bidders will please state by what procrsa the steel will be made, within what 
time, after notiee of the acceptance of bid, the first delivery could be made, and at 
what rate thereafter it could be furnished. 

In order to test more fully the adaptability of nickel steel for use in 
barrels, 200 forms were procured of the Bethlehem Iron Company, the 
same as Ko. 47, Table I, Keport Chief of Ordnance, 1896. 

From these 112 barrels were obtained, 88 having been rejected at 
different stages, as follows, viz : 

Seams, when received 22 

At drilling^ hard spots 20 

At drilling, rough 8 

At turning, not circular 10 

At turning, seams 4 

At reaming, rings ♦Q 

At reaming, cuts •! 

At reaming, seams 1 

At reaming, scratches * 1 

At reaming, large *1 

At rifling, scratches *1 

At brazing, sight stud would not adhere to metal of barrel 10 

Of the above, 13, marked *, may have been chargeable entirely to the 
workmen and tools. All the others were considered due to inherent 
qualities of the metal. More difficulty was experienced in machining 
these barrels than with simple carbon steels, and the great difficulty 
which exists in producing this metal uniform in structure and free from 
seams that may be found on the surface or within the forgings gives 
little encouragement to the view that such steel should at this time be 
tried further. 

Two samples of crucible steel have been tested, 77 and S-1, Table I, 
the former being that made by the Sanderson Steel Company of Eng- 
land, and used for barrels by the English Government, and the latter 
that made by the branch of that company in the United States. 

It is thought to be almost impossible to obtain with crucible steel the 
high tensile strength and elastic limit desired, with a high contraction, 
and ])robably in no case so high properties as with Bessemer steel. The 
low contraction is supposed to be due principally to the high proportion 
of silicon in such steels. An excellent fracture is found in these steels, 
and some barrels made and ruptured at proof split open and did not 
break into pieces, showing a very tough metal. Further trials are 
being made with this metal to determine its real value. 

The results of the tests made during the year are embraced in four 
tables appended. 

No. I. — Samples of steel. 
No. II. — Barrels treated after rolling. 
No. III. — Finished barrels, treated. 
No. IV. — Analyses. 

Your instructions of December 17, 1896, that experiments should be 
made to test the application to the rifle barrel of the Kodman principle 
of cooling from the interior were undertaken at an early date and pro- 
ceeded with slowly, as the steel then in use was not of sufficiently 
uniform quality to test the true value of the process. Now that a more 
uniform and more reliable metal has been obtained, the esLperiment will 
be resumed and careful tests made, both here and with barrels to be 
sent to Watertown Arsenal. 

The method now being followed of heating and cooling the barrels 
differ? from .^he Rodman process in only that the barrels are removed 
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from the farnace before being cooled, instead of the sonrce of heat 
being withdrawn and the heat of the farnace being allowed to sustain 
longer the heat In the metal. Barrels cooled in both ways will be 
thoroughly tested, as the former is much the more advantageous in 
manufacture, if the object sought can be accomplished to a sufficient 
degree. 

In order to make more thorough tests of the barrels from different 
steels, some cartridges have been prepared, by your authority, giving 
a pressure of 100,000 pounds. 

From the steel in use at the beginning of the year, eight rifles were 
fired with these cartridges ; two burst at the first round, three were fired 
10 rounds each, two 20 rounds each, and one 100 rounds without burst- 
ing any of the six and only causing an enlargement of the chamber, 
which occurred at the first fire, with little increase thereafter. The 
enlargement was sufficient to change the taper of the chamber and to 
render it necessary to drive the cartridge shell out with a ramrod, the 
extractor failing to do the work. This shows that should such an 
excessive pressure be accidentally produced, if the barrel b© not burst 
the chamber will be so enlarged that the arm can no longer be con- 
veniently used. 

Ex])eriinents have also been made to determine the extent of the 
erosion of barrels of dift'erent steels. There were employed barrels of 
nickel steel, of open-hearth steel, of Bessemer steel, and of Bessemer 
annealed in air and by oil through the bore. In each case 5,000 rounds 
were fired, in groups of 500 rounds fired in thirty minutes. So soon as 
the test of some barrels cooled with oil, now being flred^ may be com- 
pleted, a full report will be submitted. 

The accompanying instructions for U. S. magazine arms, caliber .30, 
in the hands of troops, have been prepared at the armory and dis- 
tributed to all companies of troops in the service. 

INVENTIONS EXAMINED. 

During the year the following designs have been presented by invent- 
ors and examined and reported upon under instructions from you: 
September 26, 1896, W. B. Far well, of San Francisco, Cal., magazine 
arm; January 16, 1897, William M. Piatt, of West Liberty, Ohio, 
automatic machine gun; April 7, 1897, J. H. Hanson, of Orystol Falls, 
Mich., magazine arm; April 17, 1897, Robert Gaskin, of St. John, New 
Brunswick, sight for small arms; June 9, 1897, J. A. Kennedy, of 
Washington, D. C, sight for small arms. 
Eespectfully, your obedient servant, 

A. MOBDBOAI, 

Colonel, Ordnance Department^ U. S, A., Commanding. 

The Chief of Ordnance, U. S. Army, 

Waslmigton, i>. C. 
(10502— Enc. 9) 



PRINCIPAL OPERATIONS AT SPRINGFIEIjD ARMORY. 



77 



u 
X 

a 



a 
a S 

5-" 



o 
a 

t 

I 



I » a I S ° 



•5c« M 



w 



^ 



M M 



O C4 e^ e^ N C'l CI CI M C4 C4 d 



N 



5Q 



S : 1 

• r 

I J 

•2 C 



S 



r 

•2. 



s 
a 

2 

« 

a 



I 

a 



l! 



- Si 

.24 (9 



O - y 



g 



s it 

I ■ h a 

' 2 *^^ 



a 
a 



^ £ 






9 a 



..2 3 a 

' 53 5 s ' 
o 2 s • 

bfia 






be 



.a a 

^ 08 • 



a 
a 



ica 



I'll 

• « * A 



' =2 



es 
a 

a 



^ Ph 



c» 



:s P a=:s 

a , o a a 

^ — D ^*w a 9 






IS.. 

5is « • 

o 5 ® o 
fl S a a 



o 
"3 



fl » fl 






CO 
CO 



CliO 






CO ' 



CO 



CO 



CO CO CO 



CO"* CO 



C4 

co«o 



lO COi-i 






bca 



'a a 
55 









>o 



c5S 



CO 



^ 3*T;;;$* ^TtTy S^ S* y 



00 



^ 



aaS-ias ! t 



a CO 






I 









8 
8 



a 

a 
tt 

'a 



X 



u 



5 






^^Ma^A fltet AAA ^AA flAAa^A^AA 



9 ^ 00 t«0 




3 S 



& 



O ^ O o c« CO ro 



n 



s I 

2 R 



S 



5 s 



N -hSn ^Sm ScJ 



S 



§12 


s 




s 

o 




8 



■ ■»» 



i lis |?i Ij I 

•O 5 ♦< »a «> ^ «^ »^ • S 
f* M^iO C«aO0» tH •- Cvl 






n 



a 



9. 

a 






o o 



s -r 



o o 



o o o 

"3 "3 "3 



- It? 

3 2 P 









a 

9 
JO 

a 



^ I 

a X 

o 



CS 



•S a 



o 



t4 

o 

"* a 
a 
© 






s'-^S = ® 3 .£33 333 3= 3 

'3_S "3 "3 "3 w'3'3 «wv t" w 



II 

a.E 



2iiii 

CO IB ■ "* 



'I 



E'O 



s s 

^=•-3 



« — 

o o 



§ s 






33-^ 



o — 

o o 






* w 


w 


-3 


** ^ ^ 
• • 




-0 

• 


^ 

«■ 


"5 


O 
"3 


O 

"3 




— 


ro 


• ?i 




• 


— 






CD 



O O ^ S u O 






O 



o 



© o o o 



« 5 © 

s © -^ 



'-0* 



n 



"3 a. 






78 



APPENDIX 6. 






u 



a 

9 






eS S o 



O) M CS V O) 

^•5 2 5-8 

■^ «# * " 






Cl 



C40 



C4 



M 



CJ 



Z < 




O 

O 



I 

X 

c 



so 

a 



g 

I- 

iS • 

-1 



SO 

a 

1 

9 

'S o 

i1 



O 



s . 
a * 


a 


e gra 
d end 


I 


«l 


9 


ft 


u 


.d s 


„ 


^ » 


>t 


^a- 


,:< 




. o 


a 


b"-5 


o 


;« ee 


a 




£ 



I: 

It 

V. 

■2. 









'T3 












a « a 
o « o 

^ ■*» ^ 






CO 



eoci 
coo 



CM 



CO 



o 






W)a * s 
a o w-M 






SPc 



sr 



Si 



Sao 
9 



bta c/T; S a 
w s= *= "^ • 



Kg" 



S 



O r-i 



lA 



O 




a 



3 
b 






la 






9« 



i ^ 

a M 

^ I 



PRINCIPAL OPERATIONS AT SPRINGFIELD ARMORY. 



79 



s 



o 

9 

I 



s 



o 

45 
IS 



I, 









In. 

I 



^ 



mm 

< 



(J 
Q 






A a a 



P a S = "^ 









« 3 



c 



09 

■•-> u 



X 




s a 

s s 
2 £ 



« 
ee ® 



s. 



>> 

^ 



••« c s 



s 

3 






S 
O 

* - s * 9 s 

00 a bCa ^oC 



6 " 

*• 5 - 

S fl 5 := s 



9 c 

p a 



999 

p p p 



^L^^^H^fHUi 



A 2 
£*= 

a« 

? a 

« C i 




S o c g 



9 
p 



.©•50 © 



p 

© 



2 

M 



8 






© 
a 






«5 



■^ ^a» -H 



eo a cooio 



^;5 s^^sis; s^Sisna s 









• • • • • ^» • _• ^ 












CO r-i o o c^ateaatoo >« 



^o» 



e^ 



i-)Oe4<-i ^e^ 00 



ft. 



»n3Sc« 



'c«SoSi 



lA 



S 



•A >A 

lACO 



CD 






<=> *Or* 



3^ S 



Sc« 






O ' 



:2 
10 






li 



» e« lo o «-H 1^ '^ ■^ 00 »© 

ig'o' Sat-Sf 225882^' d S 8S 2 gS'Sg 22 2g 



Co 



9 

s 
;9' 



;© 



<*<» j^ '^ ^ _. — 



. ^ CI ?1 



O lA P "^ ^ ^ 



ii 33^S ^^i 



O t- t- 



I 
I'- 






M ooooapgo ao x oooo 



9 






P 

s 



b 

a 

i 

p 
s 

ee 



I 

ae 



3 
9 

Pi 



o 

9 



5 fc? 



« 2 33. 

sill 

o' £ © 6 



u 
'5 

a 



1 

ee 
,© 



u 
c 



© ^ 



o ~ ©•= ©•= 

= y^ :> = © 

"^1 2 I'll 

'c'es'S's s"; 
© « & ^ « © 
p a p a a p 

8 P a a a s 
es c: cs ce tf es 



>4 



353 g a •■- ^ 



5 § 



3 U 



T? « -. — "T •" • 



© 



s © 

3i 



"* a 



© eS^ 



^•a 

S3 

eS"- 

as 
3 g 

"x a 
© es 

.a a 




a a 5*r -z^ia .— ,w .«r 

5 5 aa £5 = <^'<J^ «<l3 
1 aa ,rs ~xjxj 00-a 



p 
es 

I 



6 6 o s 3 9' 

«S w «> <-• '<d ^ 



'■A 



I 1 



CC 



o 

CO 



68 rt w_^ 

e* : 



o = 

: © 

>«« 

©a 

u.a 



© -o 



3-^5 



o 

I 

03 



C 
?5 



^-«J^ ^3 

©X^ 00-3 

id" 



e - *■ S 

^1 a. 



.55 -CI 



«P0 



u 
e3 



e4 9< O 9 o o o o 

^a ^> ^- <— I t^ fl 






^ s:; S^ 















o 



o 

2 

as 



?3 



w> 



APPENDIX. €L 



L. 
^ 



t 

I 



I 



S. 



s 

« 
g 

« 
t 



H 



X 









Si 

2= 



Si 

a 



I? 



T 



ir 



2 * 
*■ •••'-* •• -: -r - -■ 



«• X *s e« ?4 r< £ A i> as t« rs rt 

> 



•-««««2^r'2*?£ — 



"i^ t. •»■ 



^ — -r — at«i5i-S4.'£r*3cci 
ss ©of V<># ^c » — «««' 

. d 




e 

I 1 

1 2 






6 
V5 



ti 



>^. 






u 
u 






^:l 



o 



9 



e 



5 

s 

£ 





.a 

"a 

a 

d 

a 

« o 

hh 
do 

CI ^« 







I - 






PRINCIPAL OPERATIONS AT SPRINGFIELD ARMORY. 



81 



Tablk IV. — Chemical analyses of steels for rifle barrels — made at Watertown Arsenal, 



Date. 



Metal tested. 



Oct. 

XJ9C* 



1896. 

July 29 

29 

29 

29 

29 

29 

29 

21 

26 

26 

26 

1897. 

Feb. 13 

13 

3 

3 

3 

2 

2 

10 

10 

10 

17 

17 

17 

19 

23 

23 

23 

23 

23 



Mar. 



Apr. 



Julv 



Reports of Chief of 
Ordnance. 



Marks. 



Table n, 1896 49.... 

Table II, 1896 49- A. 

Table 1,1896 60.... 

Table 1,1896 61.... 

Table 1,1896 ! 62... 

Table. 1, 1896 63.... 

Table 1,1896 64... 

Table 1,1897 ; 61-S . 

Table 1,1897 65.... 

Table 1,1897 67.... 

TableII,1897 , 49... 



Table I. 
Table I, 
Table I. 
Table n, 
Table II. 
Table II, 
Table II, 
Table I, 
Table I, 
Table I. 
Table I, 
Table II, 
Table II, 
Table II, 
Table I, 
Table I. 
Table I, 
Table I. 
Table I, 



1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 
1897. 



68-1... 
68-4... 
68-5... 
68-2C. 
68-2 A 
68-5 A 
68-6 A 
69-1... 
70-2. . . 
71-3... 

72 

72-A.. 
72-C.. 
7a-X.., 
75-3..., 
75-S .. 

76 

77 

S-1 .... 



Carbon. 



0.460 
.500 
. 555 
.530 
.422 
.534 
.541 
.534 
.360 
.515 
.520 

.475 
.480 
.530 
.530 
.530 
.585 
.609 
.540 
.590 
.545 
.506 
.495 
.509 
.564 
.565 
.470 
.503 
.440 
.688 



Manga- 


Silicon. 


nese. 




1.377 


0.186 


1. 220 


.173 


1.313 


.148 


1.274 


.360 


1.900 


.435 


1.421 


.417 


1.614 


.418 


.988 


.601 


.700 


.276 


1.124 


.118 


1.058 


.177 


1.530 


.169 


1. 662 


.122 


1.404 


.166 


1.441 


.150 


1.441 


.150 


1.420 


.150 


1.450 


.142 


1.213 


.169 


1.400 


.159 


1.581 


.178 


1.777 


.182 


1.762 


.188 


1.788 


.180 


1.592 


.225 


1.200 


.100 


1.273 


.138 


1.609 


.141 


.550 


.205 


.530 


.120 



Sul- 



Pbos- 



phur. phorus- 



, Copper. i Nickel. 



0.100 
.102 
.120 
.0.55 
.065 
.115 
.075 
.059 
.026 
.055 
.096 

.088 
.107 
.100 
.072 
.072 
.107 
.091 
.080 
.074 
.077 
.074 
.077 
.075 
.080 
.080 
.082 
.077 
.047 
.025 



0.095 
.060 
.060 
.046 
.080 
.045 
.080 
.047 
.030 
.081 
.068 

.076 
.056 
.076 
.064 
.064 
.070 
.077 
.051 
.060 
.045 
.045 
.045 
.047 
.055 
.092 
.083 
.092 
.060 
.027 



0.168 
.127 
.199 

.271 
.250 
.210 
.245 



.138 
.142 
.191 
.183 
.095 
.279 
.285 
.287 
.167 
.159 
.170 
.043 
.020 
.033 



3.980 
.092 
.154 

.267 
.259 



.076 
.090 
.361 
.125 
.115 
.256 
.260 
.255 
.314 



Springfield Armory, Mass., August S7, 1897. 
Instructions for U. S. Magazine Arms, Caliber .30— In the Hands of Troops. 

PARTS WHICH are MOST LIABLE TO REQUIRE REPAIR. 

Bayonet catch nut. — Works loose and is lost, if the end of the catch has not been 
well riveted over the nut. 

Bolt. — In model 1892^ may break at junction of handle and body, from metal having 
been burned in manufacture. Flange broken at front end, from defective cartridges. 
Countersink at front end scored or pitted by gas from defective primers. 

Cocking piece. — Nose worn, from neglect to keep it lubricated. 

Cut-off. — Thumb piece knocked off by blow, due to form. 

Ejector. — Bent or broken from blow of cleaning rod, forced without proper care 
through the bore. 

Extractor screw. — Lost by working loose. 

(rate.— Lug broken off by escape of gas into the magazine, due to defective car- 
tridges. 

Hinge bar. — Head broken off from blow, or attempt to withdraw it improperly. 

Lmier hand sivivel and screw. — Screw if not riveted in place works loose, and with 
swivel is lost. 

Safety lock. — Model 1892, thumb piece breaks off from blow, or spindle may break 
from weakness. Model 1896, thumb piece breaks out where drilled for spring and 
spindle. (This part has been strengthened.) 

Stacking swivel and screw. — Screw, if not riveted in place, works loose, and with 
swivel is lost. 

Stock. — Bruises, cuts, pieces chipped from different points. Broken at ^* small." 

Striker. — Point burned by defective cartridges. 

THE REPLACING OF BROKEN PARTS. 

Butt-plate cap pin. — This pin has both ends riveted on the lugs; the bup on one 
end must be filed off and the pin driven out with a drift ; when a new pin is put in, 
its ends must be upset with light blows of a hammer. 

Cut-off. — If, when the thumb piece is broken off, the spindle of the model 1892 
remains in the hole, it can be removed by a knife or small screw-driver, first remov- 
ing the side plate if found necessary. To assemble the new one, model 1896, insert 

OBD 97 6 
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its spindle, the tliiiinl) pioco turDed down, in the cut-off hole in the roceiver, until 
the spring spindle strikes the receiver; then, with a hlade of the screw-driver, 
force the spring spindle into its hole in the thumb piece and push the cut-off into 
place. Care must b(^ taken that the llatteucd and n<»t the straight sides of the 
spring spindle bear on the curved surfact^ of the recess in the receiver. 

Ejector. — Take out the side-plate screw, rciuove the side plate, withdraw the 
ejector pin with point of a knife or small screw-driver; the ejector will drop out if 
the gun be turned over. A new ejector can then be inserted and the same pin, the 
side plate and its S(ri'ew, returned to their places 

To remove the side idate Avithout injuring the stock, it is neoessai'y to turn the 
guard screws out partially, and relieve the close biudingof the receiver in the stock. 

After the side plate has been replaced, its screw ana the guard screws must Im' 
screwed up firmly, care being taken not. to injure their heads. 

Kxiraclor. — Place the sleeve on a wooden block with the extractor rivet over a hole 
in the blocrk, drive the rivet out with a punch, smaller in diameter than tho rivet, 
remove the old and enter a new extractor to the proper distance in its slot in the 
sleeve, then insert the rivet in its hole and drive it into place hy light hlows of a 
hammer. 

In the model 1892 arms the extractor screw is removc<l and replaced, a screw- 
driver <mly being needed, but it must be used with care, and the point of the screw 
must be entered accurately in the thread of the hole in the sleeve. 

Front eij/ht, — As the left end of the sight pin is upset, this burr must be removed 
with a small file, and the pin then driven out from the left side with a small drift. 
The new sight having been put in the slot, anew pin must be used, inserted from 
tli<* right side, and, when in place, the left end should be upset with blows of a light 
haninuT. The sight pin is tapering, and its small end should be inserted first, 

Lower hand swirel sfcrew. — This screw when in place has its end upset and riveted 
over the band ear. It should nev(>r work lo(»se, if- properly assembled, and when it 
has to be removed to replace an injured swivel, the burr on the end should be filed 
oiV and the screw taken out, the end being again upset when the screw has been 
returned to its jdace. 

Hear aiyht base. — When it may be necessary to remove the rear sight for repairs, it 
nuist be done by one thoroughly familiar with the use of the screw-driver, to prevent 
injury to the head or point of the base screws. 

Before replacing the base, the barrel, bottom of the base, and the screw holes in 
the barrel should be carefully cleaned; the s<'rews should be started so as to enter 
freely the holes in the barrel, and they must be screwed in firmly against the base, 
but not with suihcicnt force to strip the threads or break the head. 

Safety /ocfc.— The thumb piece of the safety lock, model 1892, 1>eing broken off, the 
s]>indle can be removed by taking out the safety lock pin. With the model 1S96, 
the spindle under the same ccmditions will drop out; should one side of the thumb 
piece be broken out. the safety lock must Ix; turned till the thumb piece stands 
vertical. (MK from its n(»rmal position, and then ])ulled directly to the rear. 

The pin in the model l^(92 <'an generally be driven out from the left side with a 
small steel drift, though as that end is upset, it may be necessary to first remove the 
burr with a tile. When replacing a broken safety lock by a new one, oare must be 
taken that one of the proper pattern for the position oi the hole in the sleeve is 
selected; the ]>in, after being drivt^u in from the right side of the sleeve, mast have 
its small cud upset. 

To assemble the safety lock, model 1896, introduce the point of the tang of a small 
file, cr any tool of similar size and shape, between the thumb piece and the spindle, 
thus comi>rcssing the spring and forcing the spring spindle into the thumb piece; 
insert the lo(rk 8j>indle in its hole in the sleeve, the thumb piece being held vertical, 
push the safety lock forward, gradually withdrawing the tool. 

Sear. — I'o assemble this in the receiver, insert the spring in its hole in the sear, 
start the hinge of the sear into its seat in the receiver, and with a hlade of the 
screw-driver com])resN the spring in its hole until the sear can be pushed into place. 

Stacking swivel screw, — This must be treated in exactly the same manner as the 
lower band swivel screw. 

Triijger pin. — The small end must be entered from the right side of trigger, and, 
when in place, upset on left side. 

INJIKIKS WHICH DO NOT RENDER PART.S UXSERVICKABLK. 

Bolt. — The entire flange at the front end may be broken ofl\ except a small portion 
on the op]»osite side from the guide rib which is required to support the head of the 
em])ty case and cause the case to be drnwn to the rear sufficiently far to be acted 
upon by the ejector. 

If the automatic ejection be not c<m8iden>d, the eutire flange may be diapenaed 
with. 

Butt plate. — Bruises, cuts, or wearing. 
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Butt aivivel, — Bent. 

Cocking piece. — Moderate weariug of nose. 

Extractor, — Moderate wear or break of edge of hook. Loss of spring. 
Guard, — Bent, bruised, or cut. 

JReceiver. — Metal broken from the left side at cut-off hole. Guide lip lost, bent, or 
loose. 
Side plate, — Edges broken. Cut through thin part at shoulder, near screw hole. 
Swivel har of carbine. — Bent. 

USING AN ARM WHEN CERTAIN PARTS OF THE BRKECH AND MA(}AZIXE MECHANISMS 

MAY BE WANTING. 

The parts not essential, or only so to a degree, are the ejector, the extractor 
spring, extractor pin model 1896, safety lock, cut-off, guide lip, gate, carrier, fol- 
lower, side plate. 

The empty cases drawn to the rear by the extractor can be removed from the 
receiver b^^ the finger or by turning the arm on one side. 

The safety lock being merely a precautionary device, its absence does not affect 
the firearm. 

The absence of the cut-off does not affect the use of the arm as a single loader if 
the magazine be kept empty or the feeding can be done through the magazine, which 
only prevents the latter from being held full in reserve. 

The want of one or more of the last four parts enumerated above only prevents 
the use of the magazine, but in no way affects the arm as a single loader. 

The soldier should be taught to appreciate these facts. 

PRECAUTIONS. 

1. Complaints have not infrequently been made that a mainspring is too weak to 
perform its office, when the fault rested with the soldier, who in sighting inadver- 
tently raised the bolt handle with his hand before pulling the trigger, and thus 
caused the force of the spring to be expended in closing the bolt, instead of in 
exploding the cartridge. 

The mainspring for rifle, model 1892, is shorter than that for the model 1896 and 
the carbine. 

2. The cocking piece, to prevent wear, must be kept slightly oiled. 

3. In assembling the gate, observe that the magazine spring has its front end on 
top of the heel of the carrier, and not beneath it. 

4. The side plate, when removed, must be returned firmly to its bearings or the 
width of the cartridge way will be too great to cause the proper feeding of the 
cartridges. 

5. When firing many successive rouuds, note must be taken that powder residue 
and unbumed grains do not collect and pack in the locking-lug recess in the 
receiver, as this will interfere with the perfect closing of the bolt. Such accumula- 
tions can be blown out from time to time or when packed removed by a knife or the 
screw-driver. 

6. Except when repairs are needed, the following parts will constantly be iiyured 
if allowed to be dismounted by the Holdier for cleaning, and when repairs are neces- 
sary they should be removed only by a <-ompany artificer or one familiar with the 
handling of tools and delicate mechanisms, viz., cut-off, extractor, front sight, band 
swivel screw, rear sight, safety lock. The rear sight is accurately constructcfd and 
fitted carefully to the barrel, and the adjustment of its parts must be preserved to 
insure coiTect aiming. If the soldier be permitted to remove these parts they will 
become worn and injured and the closeness of their fit be destroyed. 

7. Unless the screw-driver be handled carefully and with some skill the screws are 
sure to be injured either at the head or thread. 

Springfield Armory, January 14, 1897, 
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REPORT OF FIRINGS WITH U. S. MAGAZINE RIFLE AND CARBINE, CAL- 
IBER .30, FOR ACCURACY, DRIFT, ETC., AT THE SPRINGFIELD ARMORY, 
MASS. 

Springfield Armory, Mass., October 8, 1897. 

Sir : I have the honor to submit herewith the drift, the deviation of 
the bullet due to a 1-mile wind normal to the plane of fire, the radius 
of circle of shots or accuracy, and the elevation of the service sight at 
ranges from 100 to 1,800 yards, inclusive, of the U. S. magazine rifle, 
caliber .30. 

The drift at each range was found by selecting the horizontal devia- 
tions of those targets, made in a calm or in a very light wind and 
tabulating their average. (See enclosure 1.) A careful study and exami- 
nation of the target records will show the average horizontal deviations 
at 200, 500, 800, 1,200, and 1,800 yards are most reliable, and as it is a 
rule that the drift varies from range to range according to some approxi- 
mately regular order of differences the drift at these ranges was taken 
as correct, and at the other ranges it was found by establishing an 
order of differences that satisfied the conditions. From 1,400 to 1,700 
yards, inclusive, no satisfactory records were obtained, but from them 
it appears evident that up to 900 yards the drift increases more rapidly 
than at greater ranges. In nearly every record of the rtfle fired in a 
calm the center of impact is to the left, i. e., the drift is to the left. 
The difference between the average of the drift of the records and the 
computed drift at 100, 300, 400, 600, 700, 900, 1,000, and 1,100 yards is 
sufiicient evidence of the correctness of the results at those ranges. 

By applying the drift at each range to the horizontal deviation of 
each target and dividing the result by the component of the wind nor- 
mal to the range, and by finding the average of these quotients, the 
deviation due to a 1-mile wind normal to the plane of fire will be found 
for each range. 

Owing to the large number of targets at each range no records of 
the calculations are submitted. 

In finding the radius of circle of shots or accuracy the same method 
was followed. The results at 100, 500, 900, 1,000, and 1,600 yards, 
being most reliable, were taken as fixed. The differences between the 
averages and the selected accuracy are very slight except at 1,200, 
1,300, 1,400, and 1,500 yards, inclusive, but the average at 1,600 yards 
of five uniform targets made with a muzzle rest compels its selection 
as correct. 

When firing, preliminary shots were always fired to obtain, if possible, 
the correct elevation for the range, and the elevation was carefully 
measured and reduced to degrees and minutes. 

The elevations given were found from the rifle and service sight and 
are the correct elevations for graduating the sight. They differ mate- 
rially from the calculated elevations, but experience with the model 
1892 sights, the graduations of which corresponded very closely with 
the calculated angles of elevation, shows that the results here given 
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approximate far more closely to the correct elevations than do those 
obtained by calculation. 

As soon as the target records can be copied the records will be sub- 
mitted with a full report of the firings made this year. 
Respectfully, 

Teacy O. Dickson, 
Lieutenant J Ordnance Department^ U. S. A. 

The Commanding Officer. 
(7740— Enc. 60) 

[Firrtt indorsement.] 

SPBiNaFiELD Armoby, Mass., October 9, 1897. 

Respectfully forwarded to the Chief of Ordnance, TJ. S. A. 
Similar data for the U. S. magazine carbine, caliber .30, is being 
prepared and will be forwarded so soon as completed. 

A. MOBDEOAI, 

Colonel,, Ordnance Department^ U. 8. -4.., Commanding. 



U, S. nuigazine rifle, caUher .SO, 



Radii of circleA of shots or accuracy taken flrom target 

records. 



Kangc. 



No. 1. No. 2. 



Yard*. 

100 

200 

300 , 

400 , 

500 

eoo 

700 , 

800 

900 

1,000 

1,10(» 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,800 



No. 3. No. 4. No. 5. No. 8. 



Inehe*. 

1.34 

2.41 

3.53 

5.35 

5.94 

5.75 

11.81 

14.61 

12.37 

13.72 

18.11 

28. 39 

27.05 

41. 38 

41.77 

27.92 

32.64 

27.54 



Inehet. 

1.28 

3.09 

4.03 

4.54 

6.17 

9.11 

11.95 

13.1 

13.58 

15.47 

18.47 

30.51 

35.07 

32.42 

54.11 

33.31 

36.06 

46.84 



' Inches. 

1.14 

2.24 

3.12 

4.63 

5.84 

7.45 

11.62 

12. 34 

13.06 

16.81 

12. 65 

22.77 

28.57 

86.24 

26.25 

30.72 

38. 30 

53.14 



Inches. 
1.04 
1.64 
3.49 
5.06 
6.44 
7.95 
9.61 
9.47 



Inches. 



13.69 



19.36 
33.08 
37.54 
34.39 
30.23 



6.67 

8.79 

9.76 

13.98 



14.62 



36.56 



59.06 



I 



Inchtt. 



18.19 



of the 
reoorda. 



Inehst, 

1.3 

2.8 

a.6 

4.9 

8.2 

7.8 

10.9 

12.8 

13.0 

14.8 

10.4 

25.25 

80.94 

86.80 

80.18 

32.08 

35.00 

40.64 



Aocnncy 
orradiua 
of circle 
of ahota. 



Drift or deviation to the left when fired in a calm. 



Kauge, 



Yards. 



100.... 
200... 
300... 
400... 

rm... 

600... 
700... 
800... 
900... 
1,000. 
1,10<). 
1,200. 
1.300. 
1,400. 
1,5»»0. 
1.600. 
1,700. 
1,800. 



Target records. 

No. 1. No. 2. No. 3. I No. 4. 

.^__^_^_^^.^ I 

Inches. Inches. I Inches. , Inches. 

3. 39 1. 69 ' 3. 8 ; 1. 07 

3.41 4.11 ■ 

5.57 6.19 I 3.17 

5.02 6.57 

9.7 7.88 8.54 

13.1 7..") 7.8 13.43 

(a) la) {(I) I (a) 

20.3 15.0 16.2 ' 

21.4 18.7 ; 

23.9 I 2r).24 

23.0 19. 7 I 41.0 : 

25.0 :51.81 

35.9 ' 

(a) (a) (n) (a) 

(n) (a) (a) (a) 

2l».4 24.5 

26.75 ' 

41.17 41.05 



L... 



Average 

of the 

rec<ntU(. 



Inchea. 
2.48 
8.78 
4.07 
6.00 
8.7 
10.48 

(a) 
17.2 
20.05 
24.67 
27.0 
28.4 
85.0 

(a) 

(a) 

26.06 

28.75 

41.41 



Indkea, 

L2 

2.1 

8.S 

4.7 

6.2 

7.7 

9.3 

11.1 

18.0 

14.0 

16.8 

10.1 

81.8 

SB.0 

2B.7 

88.0 

38.0 

44.0 



Drift to 
tbelefb. 



JmiAat. 

2.5 

8.7 

5.1 

8.7 

8.7 

ILl 

14.0 

17.2 

20.7 

SLO 

28.2 

88.4 

80.8 

88.8 

8fi.0 

87.8 

80.3 

41.4 



I 



a No roconl. 
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U. S. magazine rifle, caliber .30 — Continued. 



Kauge. 



Drift to 
the left. 



Deviation 

of the 
ballet dne 

to a one 
mile wind 
normal to 
the plane 

of fire. 



Accuracy 

or radius 

of circle 

of Bhota. 



Ford* 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1.000 

1,100 

1,200 

1,300 

1,400 

1.500 

1,600 

1,700 

1,800 



Inches. 


Inches. 


2.5 


0.6 


3.7 


1.3 


5.1 


2.3 


6.7 


3.5 


8.7 


4.9 


11.1 


6.6 


14.0 


8.7 


17.2 


11.1 


20.7 


13.9 


24.0 


17.0 


20.2 


20.5 


28.4 


24.4 


30.6 


28.8 


32.8 


33.7 


35.0 


39.1 


37.2 


45.0 


39.3 


51.6 


41.4 


58.9 



2 
7 
3 
1 



Inehet. 

1.2 

2.1 

3.3 

4.7 

6. 

7. 

9. 

11. 

13.0 

14.9 

16.8 

19.1 

21.8 

25.0 

28.7 

33.0 

38.0 

44.0 



Elevation found 
frova. service sight. 



Degrees. 


Minutes. : 
i 








9 ! 




16 
24 
34 
45 
57 
11 










1 


1 


26 


1 


42 


1 


59 


2 


17 


2 


36 


2 


56 


3 


18 


3 


42 


4 


9 



Springfield Armory, 
Springfield^ Mass., October 22, 1897. 

Sir: I have the honor to submit the following report on the addi- 
tional firings made during this summer for the determination of the 
drift, deviation of the bullet due to wind, aecuracy and elevations of 
the United States magazine rifle, caliber .30. The results were sub- 
mitted in report of October 8, 1897. 

The range used is about 7 miles from the armory, and is the same 
that was used during last November and December. A camp was 
established on the range, so the men could be ready from sunrise until 
sunset to tire wlieuever a calm occurred. Firings were also made with 
the wind blowing to determine the deviation due to wind. The camp 
was established May 11 and removed August 20, because the wind 
blew continuously. 

The recommendation made in my rei)ort of February 10, 1897, to dis- 
continue the use of the telescopic sight having been approved, two 
rifles, No. 36026 and No. 36208, with service sights, were used. These 
rifles had been previously used at Sandy Hook during 1896. 

Firings were also made with the carbine, but before sufficient data 
therefor could be obtained it became advisable to abandon the camp 
until the weather became less windy. Firing with the carbine has been 
resumed and upon its completion the results will be submitted. 

The anemometer was about 500 yards from the target and about 30 
feet above the ground. Frequently the anemometer cups would not be 
turning, the flags at 400, 900, and 1,400 yards would hang quietly, and 
to all appearances there was a dead calm, but when a fire was built 
the rising smoke would indicate a breeze or a general movement of the 
atmosphere of sufficient strength to materially att'ect at long ranges 
the deviation of the bullet. This shows tliat at long ranges, beyond 
1,200 yards, tlie lightest breeze is sufficient to destroy the reliability 
of a target, and that the greatest possible attention must be given 
to any motion of the atmosphere. 

The records of all the targets made at each range are inclosed here- 
with. In determining the drift, etc., the target records submitted on 
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February 10, 1897, were used with those herewith, except that the 
targets made with the telescopic sight (rifles No. 15849 and 'No. 15862) 
were not considered as reliable as those made with the service sight. 

The anemometer record sheets are also submitted, in order that the 
great delay in determining these results may be attributed to the prin- 
cipal causes, viz, lack of calms. 

On the left side of each rifle a spirit level was placed and adjusted 
so as to be at right angles with the sight leaf when raised. This 
enabled the rifle to be held each shot so the line of sight and axis of 
the bore would both lie in the same vertical plane. The ammunition 
used was marked "Velocity at 53 feet, 1,963 feet, February 13, 1897." 

The methods by which the drift, deviation, accuracy, and elevation 
were obtained were explained in my report of the 8th instant. 

In the beginning of all this firing two rifles. No. 15849 and No. 15862, 
were made to be sighted by a telescope. It was recognized that unless 
the attachments could be made so the axis of the bore and line of colima- 
tion of the telescope would always be contained in parallel verticial 
l)lanes the targets made by them would be valueless. When com- 
pleted they were assembled in a lathe in the machine shop and were 
made as nearly parallel as mechanical means permitted. I assumed all 
to be corre(;t, and on January 16, 1896, began firing through screens in 
a calm, and found that at 1,000 yards the center of impact of a group 
of 10 shots was 40.3 inches to the left. The fact tbat the drift was so 
much to the left convinced me that the adjustment was incorrect. 

One hundred feet was as close as an object would be distinctly sefen 
through the teles(*ope, so I placed the muzzle of the gun 100 feet from 
the target and adjusted the aim until the cross hairs covered a cross 
made on a paper which was attached to the target. The parallelism of 
the telescope and rifle was adjusted until the center of impact of 10 
shots was 2 inches to the right of the vertical line on the target — 2 
inches being the distance between the axes of the telescope and bore 
called for by the drawing. 

It was found necessary to make this adjustment at frequent inter- 
vals, the parallelism being easily destroyed in spite of the care taken 
to preserve it. This is one reason why the records obtained with rifles 
No. 15849 and No. 1586i*, which were always fired from the fixed rest 
and aimed by the telescope, are considered far less reliable than those 
made with rifles fired from the shoulder with a muzzle rest and aimed 
with the service sights, and another is that a rifle held in a fixed rest 
will not, in general, give the same results as when fired from the 
shoulder. 

The following results were obtained on the water-shop pond at 1,000 
yards with rifle No. 15849 fired from the fixed rest and aimed with the 
telescope after the adjustment above described: 



Date. 



1896 

January 16 

Januarj' 21 

January 23 



Number 
of shots. 



9 

10 
oo 



Deviation 
(left). 



Inches. 
18.7 
17.2 
12.2 



Wind. 



Miles per 
hoar. 



O'clock. 



3.7 

7 



6 
6 
6.30 



These deviations were all to the left, as were those when firing in 
1895, to correct the graduations of the rifle sight. 
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In order tbat the data upon which the left-handed drift is based may 
be readily examined, every target made with the United States maga- 
zine rifle, caliber .30, at each range in a calm since firings were com- 
menced for the determination of the drift, etc., is given in the table A 
hereto appended. 

Only 1 of the 61 targets made in a calm has its center of impact, or 
drift, to the right, and that is at 300 yards, and was made with rifle 
No. 15849, October 30, 1896. 

These target records show that the drift of at least the seven rifles 
fired is to the left. 

The drift of the carbine is to the right. A rifle barrel was assembled 
in a carbine stock and fired at several ranges with regular rifles and 
carbines, but its drift was always to the left. See all records in the 
table made with rifle No. 47824 in 1897. 

The explanation of why the drift of the rifle is to the left and that of 
the carbine is to the right must be looked for in the diflerence in length 
of the bores and the diflerence in the muzzle velocities. When time 
permits, it is recommended that firings be made with barrels of ditt'erent 
lengths from 22 to 30 inches, as it is evident that there must be a length 
between these limits that would have no drift. 

The elevations given in report of October 8, 1897, represent the aver- 
age elevation at each range, as at nearly every range tiring was done in 
all kinds of light weather and atmospheric conditions and by different 
individuals. 

As the elevations obtained from the service sight diff^er from those 
calculated by differences that increase with the range, an attempt will 
be made to find experimentally whether these differences are due to 
jump. 

Respectfully, T. C. Dickson, 

Lieutenant^ Ordnance Department^ U, S, A, 

The Commanding Officer. 
(7746— Enc. 64) 
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Table A. — Firings fnade with U, S, magazine riJUy caliber »SOf in calm, shottnng the drift 

unaffected by wind. 



Range. 

Yards. 
100 


Aimed w 

Date. 

1896. 
Oct. 30 
Oct. 30 
Oct. 30 
Oct. 30 


ith teles 


nopic sight 


b and fire 

Drift 
(left). 

// 
1.69 


)d from fix 

No. 15 
Date. 

1896. 


ed rest. 

862. 

Drift 
(left). 


Fired from the 
shoulder with 
muzzle rest, serv- 
ice sight. 


No.l 

Drift 

(left). 

// 

1.07 

4.11 

a 0.84 

1.19 


5849. 
Date. 

1896. 
Oct. 31 


No. 47835. 

T> »„ Drift 

^*^'^- (left). 

_i 

1896 


200 










300 


1 








400 


Oct. 31 


6.57 







Nov. 11 


5.62 


500 






600 
700 
800 


Nov. 3 


13.43 










1 










Oct. ;U 


16.20 
28.08 
12.48 
13.07 


..........| 

1 










900 Oct. 31 


Nov. 3 
Nov. 3 


0.76 
6.40 








1, 000 Oct. 31 








1, 100 Nov. 3 




' 




1,200 
1,300 
1.400 
1,500 
1,600 
1,700 
1,800 
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June 10 

h muzxie ] 
No. 47 


41.65 












ilder wit 

Drift 
(left). 


1 




fr 


'ired froi 


n the shou 
7824. 

Dat«. 
1897. 


rest, sen 

827. 

Drift 
(left). 


rice sight. 




Range. 


No. 4 

Drift 
(left). 


No. 36208. 




Date. 


Date. 
1896. 


Date. 

1897. 
May 18 
May 17 
May 17 
July 6 
June 16 
May 21 


Drift 

(left). 


Yard*. 
100 


1897. 
June 23 


3.8 


II 

3.39 
4.47 
5.57 

10.7 
7.88 

21.22 


200 










300 




' 




400 


June 20 
July 16 


12.7 Jnlv 6 


12.5 






500 


12.8 


^ -•^ 
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700 
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Julv 1 


15.6 


-. 




July 10 20.7 1 


i 1896. 
900 Nov. 3 
1,000 1 Nov. 3 


6.49 
25.24 
19.70 






Nov. 3 
Nov. 3 


37.59 
53.88 


June 11 
Aug. 5 


21.4 
27.1 


1.100 ! Nov. 3 


Jnlv 3 


23.0 


1.200 
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• .••.... ,_-(_.-- , 
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Nov. 7 


11.93 


:...::::.-. J 
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. -1 
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Tablk a. — Firingn made icith U, S. magazine rifle, caliber ,30, im odlm, showing thedrift 

unaffected by u^ifid—Coiitiiiued. 



Kaiig<'. 



Firt'd fnmi the Hhouldvr with miizzlo rent, service sight. 
Xo. 38208. j Ko. 36026. 



Yards. 

100 

200 

300 

400 

500 

I 600 

700 

! 800 

I 900 

■= 1,000 

1,100 

1,200 

1,300 

1,4U0 

1,500 

1,600 

1.700 

1,800 



I)aU». 



1897. 



' Drift 

; (left). 



Date. 



Drift 
(loft). 



Date. 



Drift < 
(left). ' 



. 1897. 

Mav 18 

May 17 

; May 17 

: July 6 

: 1 May 17 

' Juuu 16 : 18.30 May 21 

May 28 

Julv 15 20.3 July 10 I 

....-' June 11 : 18. 7 

Aug. 9 I 23.9 



1897. 
4.41 ; July 16 
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18.54 ! ! 
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Drift 
(left). 


1897. 


1. 



6.19 



July 16 
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Jnnv 2 
Juno 21 



25.00 

35.9 

43.1 



20.56 
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Juno 17 i 29. 4 
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pbogbess report on the manufacture of smali^arms ammu^ 

nition at the frank ford arsenal, pa. 

Frankford Arsenal, 

Philadelphia,, Pa,, August 31, 1897, 

Sir: In compliance with your instructions, I have the honor to sub- 
mit the following report of operations under my supervision in the 
small-arms department at this arsenal during the fiscal year 1897. 

There were manufactured and issued during the fiscal year 1897 : 



Manufactured. IsHued. 



.30 caliber ball cartridgeA 

.dO-caltber blank cartridges 

.38-caltber ball cartridges 

.38-caiiber blank cartridges 

.45-caliber ball cartrid^s 

.4.^-callber blank cartridges 

Gallery sbells. caliber .3U 

Blank caliber .30 cartridges, prool of gun barrels 

Small-arms primers 

Round balls, .45 caliber 

Revolver bullets, t-aliber .45 



6.771, 
1,058, 
2, 515, 
508, 
4,509, 

83, 

10. 

30, 

2,0(t0. 

158. 

41, 



621 
380 
525 
18U 
508 
000 
350 
700 
000 
000 
800 



5, 872, 240 

788,000 

1. 437, 370 

428,700 

1, 082, 500 

378,500 

16,143 

30.600 

1, 584, 700 

172, 500 

50,000 



Since the last annual report was rendered no change has been made 
in the case, primer, bullet, or blank cartridge. The case made from 
0.12-inch metal, the primer of gilding metal, with brass anvil and G^e 
composition, consisting of 95 parts fulminate of mercury, 35 parts 
chlorate of potash, 25 parts glass, and 5 parts mealed powder ; the 
cannelured bullet, and the paper bullet for blank cartridges, continue 
to give entire satisfaction. The same is to be said of the gallery case 
now made. The ball cartridge complete, the blank cartridge, and the 
gallery cases now made were fully described by Lieutenant-Colonel 
Farley in the last annual report from this arsenal. 

MATERIAL. 

The cartridge brass (70 copper, 30 zinc) received during the last fiscal 
year has been of excellent quality, gauging well and working well in 
the various operations of drawing. For a nonreloading cartridge this 
met<al is very satisfactory. 

The cupro-nickeled steel continues to give entire satisfaction. Since 
the failure of the test of cupro-nickel, a domestic product, as a substitute 
for cupro-nickeled steel in the bullet jackets, which test was described 
in the last annual report, no further tests in that direction have been 
made. 
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The present cartridge metal (70 copper, 3D zinc) has been mentioned 
above as very satisfactory metal for a nonreloading cartridge case. 
Exhaustive experiments at this arsenal, conducted by Lieutenant Dunn, 
into whose hands the matter was placed by Lieutenant-Colonel Farley, 
liave shown beyond doubt that the brittleness observed in the service 
case, after having been fired with the service primer, is due to the action 
of the mercury in the primer on the metal of the case, particularly on 
the zinc. Efforts to secure a reloading case were at first direct^ to 
the use of a case containing the smallest permissible amount of zinc. 
Gilding metal (03 copper, 7 zinc) was experimented with, but proved 
too soft and unreliable for use with the high pressures now attained in 
the .30-caliber rifle. 

At the present time efforts are directed toward the modification of 
the primer. Several different methods of doing this are now under 
consideration. The first method, suggested by Lieutenant Dunn, is to 
dispense with the use of fulminate of mercury entirely and replace it 
by gun cotton or one of the smokeless powders; a second method is 
one suggested by the chemist, Mr. Williams, and is to substitute for 
the fulminate of mercury fulminate of copper or of zinc. The method 
now undergoing test, and which it is hoped will be successful, is to sub- 
stitute for the Gr,x primer a primer containing a much smaller amount 
of fulminate of mercury, the place of the fulminate removed being 
taken by sulphide of antimony and such flame-producing constituents 
as sulphur and mealed powder. In connection with a primer containing 
a reduced amount of fulminate of mercury, the intention is to nse a 
metal for the case containing a less amount of zinc, such as 80 copper, 
20 zinc, or possibly 85 copper, 15 zinc. 

The result of the experiment so far is to indicate that it may even be 
possible to retain the present service metal (70 copper, 30 zinc), but in 
any event the composition (80 copper, 20 zinc) appears to have ample 
strength and to work well under the operations of drawing. 

The preliminary experiment with the primers containing a reduced 
amount of fulminate of mercury and the cartridge metal containing a 
reduced amount of zinc will be more fully discussed in a separate report, 
in which will also be given the programme adopted for the final test of 
this method of securing a reloading cartridge. 

MACHINES. 

During the fiscal year ended June 30, 1897, the following machines 
were built: 

Number. 

Heading machines 2 

Annealing machine (point) I 

Primer-inserting machines 2 

BnUet jacket tnmminjj^ machines 5 

Loading machine 1 

The capacity of the small-arms plant at present is as follows: 

HaU cartridges, caliber .30, per diem '... 34,000 

MiscellaneooSy per diem 16,000 

Total 50,000 

With some small alterations in the machines the daily prodnct of ^- 
caliber ball cartridges can be increased to about 45,000, with a reduction 
to 5,000 per diem of the miscellaneous cartridges manufactured. 
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POWDERS. 

The following is a list of the powders tested at this arsenal since the 
end of the tiscal year 1896: 

SMOKRIJCSS rOWDKRS FOR .30-CALIBBR RIFLK. 

Da Pont smokeless Contract powder 

Peyton smokeless Contract powder 

Laflin & Rand W.-A. smokeless Contract pow<ler 

Taylor smokeless Sample 

Kottweil smokeless Sample 

Kolfit smokeless Sample 

Savage smokeless Sample 

Weidig No. 1 smokeless Sample 

Pa Pont No. 42 smokeless (NN 11.93-30) Sample 

NN No. 1 } made by Latlin & Rand Company, after formula of Captain 

NNNo. 2^ Stuart (NN 12.0-32) Sample 

Latlin & Rand No. 124, made by Lafiin &, Rand, after formula of Captain 

Stuart (NN 12.0-32) Sample 

Laflin & Rand W.-A Sample 

Laflin & Rand W.-A. XXX Sample 

Laflin & Rand W.-A. No. 96 XX Sample 

Laflin & Rand W.-A. No. 12H Sample 

Laflin & Rand W.-A. No. jai Sample 

Laflin & Rand W.-A. No. 135 Sample 

SMOIUCLB8S POWDERS FOR .45-CALIBBH RIFLE. 

Du Pont No. 1 smokeless, sporting grain Sample 

Da Pont No. 2 smokeless, sporting grain Sample 

Du Pont No. .5 smokeless, sporting grain Sample 

Du Pont No. 7 smokeless, sporting grain Sample 

Dw Pont No. 3 smokeless ( NN 1 1 .9:^:^)) Sample 

Du Pont No. 4 smokeless (NNA 115-40-20) Sample 

Weidig No. 2 smokeless Sample 

Weidig No. 3 smokeless Sample 

Laflin & Rand W.-A. No. 121 Sample 

SMOKELESftS POWDER FOR .38-CALIBER REVOLVER. 

Du Pont smokeless rifle powder (revolver powder) Sample 

Lnflin & Rand W.-A. sporting, No. 1 Sample 

Laflin & Rand W.-A. sporting, No. 2 Sample 

BI,A( K POWDER FOR .45-CALipER SPRINGFIELD RIFLE. 

Du Pont black powder Contract 

The test of the Taylor, Kottweil, Kolfit, Savage, and Weidig smoke- 
less powders for the .30 caliber rifle showed that none of them is up to 
the ballistic standard required by the specifications issued b^ the Ord- 
nance Department. 

The sam))les of NN powder were fired for the information of the 
Inspector of Powder, United States Army. 

The samples of Laflin & Hand W.-A. powders were fired for the infor- 
mation of the Laflin & Band Smokeless Powder Company, to assist 
them in their efforts to reduce the heating effect and the erosion pro- 
duced by the W.-A. i)owders. 

The samples of revolver smokeless powder fired proved to be inferior 
in ballistic qualities to the black powder now employed. 

The Du Pont and Pevton smokeless powders for the .30'Caliber U. S. 
magazine rifle and the Du Pont black powder for the .45-caliber Spring- 
field rifle continue to give satisfactory results. The Laflin & Band W.-A. 



102 APPENDIX 8. 

smokeless i)owder, while giving excellent ballistic results, has showu 
itself unsatisfactory because of its great heating qualities and its erosive 
action on tlie gun barrel. 

A competitive test of the erosion of the gun barrel produced by firing 
5,000 rounds with each of the following powders, viz, W.-A. smokeless, 
Peyton smokeless, Maxim smokeless, I)u Pont smokeless No. 1, and 
Du Pont smokeless l^o. 3, beginning June 26, 1896, and continued at 
intervals until completed, showed the poVders to be arranged in the 
following order as regards the ahiount of erosion produced, beginning 
with that powder which produced the most erosion: (1) W.-A. smoke- 
less, (2) Peyton smokeless, (3) Maxim smokeless, (4) Du Pont smokeless 
No. 3, h)) Du Pont smokeless No. 1. A second test for erosion (5,000 
rounds) of the Lafliu & Eand W.-A. smokeless powder, conducted in 
April and May, 1897, showed a considerable improvement in this respect 
over the W.-A. powder used in the fii'st test, but at the same time the 
erosion produced was considerably greater than that produced by any 
of the other i)owders first tested. The result of a third test for erosion 
(5,000 rounds) of the W.-A. powder, conducted during the present month 
(August, 1897) with two samples (Nos. 134 and 135) furnished by the 
Laflin & Hand Powder Company, is as follows : Sample No. 134 shows 
a considerable improvement over any W.-A. x)owder heretofore sub- 
mitted ; sample No. 135 gave even better results than No. 134; but both 
samples gave results that are still greatly inferior to the standard, as 
shown by the barrel of rifle No. 21244. (Five thousand rounds of Pey- 
ton i)owder were fired in rifle No. 21244 in the original competitive test 
begun June 26, 1896.) 

The W.-A. powders have given most excellent ballistic results iii 
every respect but that of erosion of the gun barrel. It is gratifying to 
note their continued improvement in this particular. 

SmokeletiH powder for use in the ,45'Caliher Si)ring field rifl^. — In obedi- 
ence to directions contained in O. O. tile No. 18756, experiments are m 
progress to obtain a smokeless i)owder for use in the .45-caliber Spring- 
field rifle. The progress of these experiments has been delayed by the 
fact that the manufacturers in the United Staters have hitherto paid 
little or no attention to the production of a smokeless powder for use 
in the .45-caliber rifle, and in consequence have been greatly delayed iu 
furnishing samples for test. 

From the limited tests already made, it is thought that there will be 
little difficulty, except the delay mentioned above, in producing a smoke- 
less powder that will give 1,316 feet per second muzzle velocity to the 
500-grain bullet, with a pressure not exceeding that produced by black 
powder under the same conditions, and with an accuracy at least as 
great as tjiat shown by the black powder. 

It is also ])robable that a smokeless powder can be produced that will 
give a muzzle velocity of 1,600 feet per second or higher to the 405- 
grain bullet with a x)ressure not exceeding and with an accuracy at 
least as great as that now produced by the use of a black powder and 
the 500-grain bullet. The advantages of the use of the 405-graiu bullet 
with a muzzle velocity of 1,600 feet per second or higher are, first, 
greater flatness of trajectory up to a range of 1,000 yards ; second, a 
greater number of rounds of amnmnition to be carried per man. The 
disadvantage is the necessity for alteration of all the sights now attached 
to the .45-caliber Springfield rifle. When smokeless powder is use<l, the 
recoil with 1,600 feet per second muzzle velocity and 405-grain bullet is 
practically the same as the recoil with 1,316 feet per second muzzle 
velocity and 500-grain bullet. Both are much less than the recoil now 
existing with black powder. 
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The question of tambling and the necessity for the employment of a 
jacketed ballet are as yet undetermined. 

Samples of smokeless powder for test with 500-grain and 405-grain 
bullets are now in course of manufacture by the Du Pont and Laflin & 
Band powder companies. Upon their receipt at this arsenal the tests 
with the .45-caliber Springfield rifle will be continued. 

Of the samples of smokeless powders for use in the .45-caliber rifle 
already tested, the highest ballistic results have been shown by the fol- 
lowing: Du Pont No. 3 (NN 11.93-30), Du Pont No. 4 (NNA 11.5-40-20), 
and Weidig No. 2. Taking as a basis for calculation the following 
results obtained with the sample of Du Pont smokeless powder No. 4 
(NNA 11.5-40-20), viz, charge, 30.5 grains; bullet, unjacketed, 500 grains; 
muzzle velocity, 1,428 feet per second ; pressure, 18,000 pounds per square 
inch, we find, by application of approved formulae, that a muzzle velocity 
of 1,720 feet per second with the 405-grain bullet should be obtained by 
the use of 34.6 grains of Du Pont No. 4 smokeless powder with a pres- 
sure of about 22,000 pounds. The maximum energy of free recoil under 
these last conditions would be 20.864 foot-pounds, which is less than 
that (21.016 foot-pounds) now existing in the .45-caliber Springfield rifle 
with black powder and 500-grain bullet. 

Note. — Both Du Pont No. 3 and Weidig No. 2 samples would also 
show by calculation that a muzzle velocity close to 1,700 feet per second 
can be obtained with a 405-grain bullet and pressure not exceeding 
23,000 to 25,000 pounds. 

To obtain a muzzle velocity of 1,600 feet per second or higher with 
the 405-graiu bullet it will undoubtedly be necessary to employ a smoke- 
less powder of regular granulation, containing nitroglycerin, similar to 
the Du Pout No. 3 and No. 4 powders mentioned above. The same 
class of powder could be used to produce a muzzle velocity of 1,316 feet 
per second with the 500-graiu bullet, but the small charge necessarily 
employed to effect this is objectionable, as it leaves a large amount of 
unfilled chamber space, rendering necessary the use of a wad, or some 
similar device, to hold the powder against the primer and insure regu- 
larity of ignition. On this account effort is being made to adapt the 
sporting powder made by the Du Pont Powder Company to the require- 
ments of the .45 caliber Springfield rifle and 500-grain lead bullet. 
This powder contains no nitroglycerin and is of irregular granulation. 
Having a'low gravimetric density, a charge giving a muzzle velocity of 
1,316 feet per second to the 500-grain bullet entirely fills the chamber 
space of the cartridge. Ex])eriment with samples of the powder 
already submitted shows that the modifications required are an increase 
in regularity of velocity and an increase of gravimetric density. A 
modification of the primer used with the service .30-caliber powders may 
also be found necessary. These modifications are believed to be entirely 
practicable. One great advantage that would follow the adoption of 
this powder for use in the .45-caliber Springfield rifle is the ability of 
the Du Pont Company to furnish large quantities of the powder on 
short notice. 

EXPERIMENTS. 

DIFFERENCE B?:TWEEX TflE MUZZLE VELOCITY OF THE IT. 8. MAGAZINE KIFLE AND 

THE U. S. MAGAZINE CAKBINE. 

Cai'eful experiment at this arsenal to determine the difference 
between the muzzle velocity of the U. S. magazine rifle and the U. S. 
magazine carbine when firing the same ammunition has resulted in the 
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selection of 80 feet per second as the required difference. The follow- 
ing note is now stamped upon all the paper boxes in which .30-caliber 
ahimunition is issued : "To convert velocity with rifle to velocity with 
carbine, subtract 80 feet from velocity with rifle." 

VKLOCITY OF .30-CALIB?:R ]{IKLE bullet at LOKG RANOB8. 

Owing- to the impracticability of measuring the velocity of the .30- 
ealiber bullet at long ranges, due to the difficulty experienced in break- 
ing the current in two targets at a long distance from the muzzle of the 
gun with the .30-caliber rifle bullet, instructions were received at this 
arsenal, in Ordnance Office flle No. 7746, to perform the following experi 
nient, viz: Determine, by means of wire targets, the velocity of the 
.30-caliber bullet at the muzzle of the gun and also at about 500 yards 
from the muzzle. Find the charge to give a muzzle velocity equal to 
the remaining velocity determined at 500 yards. With this charge 
determine the new remaining velocity at 500 yards, and adopt this as 
the remaining velocity of service ammunition at 1,000 yards. Hepeat 
the same experiment for another 500 yards, and so obtain the remaining 
velocity of service ammunition at 1,500 yards, and m the same way 
determine the remaining velocity again for 2,000 yards. 

The above experiment was carried out to the extent of determining 
the assimilated remaining velocity at 1,000 yards. At this point the 
irregular flight of the bullet, due to the low charges necessarily em- 
ployed and the irregularity of the velocities resulting therefrom, made 
a continuation of the experiment dangerous to the lives of persons out- 
side the arsenal grounds. 

From the records of tburteen rounds, corrected to standard conditions, 
the ren)aining velocity at 600 yards was found to be 1,121 feet per sec- 
ond. From the records just mentioned and the records of eleven more 
rounds fired with reduced charges, and corrected to standard condi- 
tions, the remaining velocity at 1,000 yards was found to be 820 feet per 
second. 

In connection with the above instructions were received, in Ordnance 
Office file No. 774:6, to determine by means of paper targets the deflec- 
tions due to wind and to drift at 500 yards, and by the metiiod of reduced 
velocities the defledtions due to wind and to driffc at 1,000, 1,500, and 
2,000 yards. 

This experiment has been delayed by the necessary alterations and 
repairs of the apparatus for measuring the direction and velocity of the 
wind. The old method of measuring the direction of the wind was not 
considered sufficiently accurate for an experiment of this kind, and it 
has been known for some time that the peculiar situation of the rifle 
range at this arsenal, with reference to factories and other buildings in 
close i)roximity, causes the air currents aft'ecting the bullet on the rifle 
range to differ from those affecting the vane and anemometer cups in 
their position on the hospital. 

It was decided to place the wind vane and the anemometer cups on 
the rifle range within a few feet of the path of the bullet, and at a i)oint 
where they should record as nearly as possible the average wind affect- 
ing the bullet in its flight. A dial with a pointer has been devised to 
record the direction of the wind, and has been placed so that the actual 
direction of the wind with reference to the trajectory can be read from 
the proof house with the telescope at the instant the gun is fired. These 
changes, necessitating alteration and repairs of the wind apparatus, are 
nearly (•omi)leted at this date. When fully completed, the experiment 
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to determine the deflection of the ballet will be taken up and continued 
as far as the assimilated range of 1,000 yards, beyond which point, as 
mentioned above, the experiment becomes dangerous. 

.30-CALIBER CARTRIDGK8 TO GIVE A PRESSURE OF 100,000 POUNDS PER SQUARE INCH, 

Since the last annual report was rendered from this arsenal 1,200 
caliber .30 ball cartridges, loaded to give a pressure of 100,000 pounds 
per square inch, have been issued to the commanding oflScer, Spring- 
field Armory. To obtain this pressure with the limited powder chamber 
of the service case it was necessary to select a powder which, with a 
comparatively small charge, would give high but regular pressures, and 
to compress the powder into the case by means of a drift. Such a 
powder was found in the new Wetterin smokeless. The charge selected 
was 49 grains. To get this charge into the case the amoaut of com- 
pression put upon the powder Was 1 inch. The result was very satis- 
factory as to the amount of pressure obtained and its regularity. 

DE\nELOPMENT OP^ THE PROOF BALL CARTRIDGE. 

Experiments have been made at this arsenal during the past year to 
develop a satisfactory ball cartridge for the proof of gun barrels which 
would replace the blank cartridges now in use. For this purpose the 
pressure gun, chambered to receive the blank cartridge for proof of gun 
barrels, which had been in use at Springfield Armory, was forwarded 
to this arsenal. Experiment with this pressure gun soon demonstrated 
that the only change in form necessary to adapt the blank cartridge 
case for use in ball cartridges was a slight bottling for a distance of 
about 0.35 inch from the mouth. The bullet selected was of 220 grains 
weight; metal, 14 lead, 1 tin. It was given such a taper that it could 
be cast in the mold and afterwards, by being forced through a die, 
become cylindrical, with diameter of 0.294 inch for a distance of about 
three-fourths of an inch from its base. 

A drawing of this cartridge was, by direction of the Chief of Ordnance, 
forwarded to the commanding oflficer, Springfield Armory. A pressure 
gun was sent to this arsenal, chambered for the ball cartridge. 

One thousand ball cartridges, for proof of gun barrels, were sent to 
the commanding officer, Springfield Armory, for trial. They have 
recently been reported as unsatisfactory because of loose fit in the 
chamber, and because 56 per cent of 600 fired broke opposite the junc- 
tion of the chamber of the barrel and the chamber ring. 

After examination of the returned cases it is believed that the trouble 
experienced is due to the eccentricity existing between the interior of 
the chamber of the barrel and the chamber ring, this eccentricity pro- 
ducing a shoulder at the junction of the barrel and chamber ring which 
sheared through the metal of the case under the pressure of the powder 
gases. Examination of blank proof cases returned from Springfield * 
Armory show that this trouble is present with them also, but in a less 
degree. Instead of being sheared completely through, a large number 
of them show a distinct ring around the metal opposite the junction of 
the barrel and chamber ring. 

Hereafter the ball-cartridge case, if manufactured, will be made in 
accordance with the gauges furnished from Springfield Armory for ball 
cartridges. May 14, 1897. The new ball cartridges will therefore fit 
more closely in the chamber, and should give as good results in respect 
to freedom from shearing as the blank cartridges heretofore furnished. 
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None of the proof cases, whether made for ball or blank cartridges, 
has shown any tendency to shear when fired at this arsenal, in a gnn 
having a continuous and concentric chamber. 
Kespectfully submitted. 

Golden L'H. Bugk^les, 
First Lk'utenant^ Ordnance Department^ U. S, A, 

The Commanding Officer, Fbankfobd Arsenal. Pa. 



Frank FORD Arsenal, 
Philadelphia J Pa.y September lOj 1897. 

Iies]»ectfally forwartled to the Chief of Ordnance, United States 
Army. 

As regards velocity to be obtained with the caliber .45 rifle, referred 
to within, pressures obtained by the best-known methods indicate that 
the velocity can be increased above that obtained with black powders 
without corresiK>ndingIy increased pressures and strain on the breech 
mechanism of the gun. The breech mechanism of the Springfield sys- 
tem can not stand the strain of the bolt system, and great care should 
be taken to prove that the strain on the breech mechanism of the gun 
corresponds with what the increased velocities and reduced pressures 
indicate, if increased velocities appear practicable they should not 
be adopted until the liring of several thousand rounds shows that the 
breech mechanism of the gun will stand them. 

As regards what is stated within relative to proof ball cartridges, for 
proving gun barrels, I do not believe it ]X)Ssible to make a ball cartridge 
that will endure so well in a chamber buflt up in two sections as in one 
made continuous. 

J. M. Whittbmobe, 
Colonel, Ordnance Department^ U. 8. A,y Commanding. 

{\Or)M—VA\c,. 4) 
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REPORT UPOX THE UTILITY OF TINNING CARTRIDGE SHELLS AT THE 

FRANKFORD ARSENAL, PA. 

Frankford Arsenal, 
Philadelphia, Pa,, April 22, 1897. 

Sir: I have the honor to submit the following report on a study of 
the utility of tinning the brass cartridge cases used in manufacturing 
.30-caliber cartridges. 

1. — THEORY. 

The practice of tinning was adopted at this arsenal some years ago* 
for black powder cartridge cases, and the writer has not been able to 
find in the published records and reports of the Department or else- 
where a detailed statement of the reasons for this adoption. 

It is assumed that the object was to protect the metal of cases from 
the corrosive action resulting from the acids produced by decomposition 
of black powder during storage. 

It is thought that if acids available for action on the case are pro 
duced in this way, their action must be considered as complicated by 
the effects of local electro-chemical action. Of the two metals thus 
exposed, the cathode will be protected at the expense of the anode, and 
the amount of chemical action will depend largely upon the surface 
exposure of the latter. For this reason the actual loss in weight per 
unit area of surface submerged in a given acid solution should be less 
for brass than for either zinc or copper, and experiment shows this to 
be true. A practical application of this is found in the voltaic protec- 
tion of the copper plates covering ship's bottoms where it is found that 
a surface of zinc equal to the f^o P^'rt of the surface of copper exposed 
to action of salt water is sufficient to entirely protect the copper. 

If, then, a metal which is electro-positive with respect to the metal 
of the case be used to cover the interior surface, all chemical action 
will be concentrated on the covering as long as the covering lasts. If 
the covering be electro-negative with respect to case, the covering will 
be protected from further corrosion as soon as a portion of the interior 
surface of case, equal to about f i© o^ surface of covering, is exposed. 

Assuming that brass is a mixture of copper and zinc, we have in the 
surfai»e of the cartridge case minute surfaces of zinc and copper cov- 
ered by a very thin coating of tin. In electro-chemical order, tin occu- 
pies an intermediate position with respect to zinc and copper. A set 
of local currents exist, probably, for each of the three pairs of metals, 
zinc and copper, zinc and tin, and tin and copper respectively. Since 
galvanic action is stronger for zinc and copper than it is for zinc and tin, 
it follows that the rate of solution of zinc will be retarded as long as the 

•Pursuant to letter of thr commanding oflBcer, Frankford Arsenal^ June 23,1888, 
cartridge shells for reloading purposes only were directed to be made of brass and 
tinned, in lieu of copper shells whi(;h were not tinned. 
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108 APPENDIX 9. 

copi)er surfaces are covered by tin. The tin can not be preserved, how- 
ever, on account of the local currents between the tin and copper sur- 
faces^ the eftect of which is to protect the copper at the expense of 
the tin. 

If the above assumptions as to the nature of chemical action are cor- 
rect, it follows : 

(1) That a tin coating does afford a limited protection to a brass case. 

(2) If the tin coating is perfect there will be, at first, a simple case* 
of chemical action, the tin being dissolved. The only chance for electro- 
chemical action will be due to presence of steel-jacketed bullet in con- 
tact with tin covering giving the pair of metals, tin and iron. Galvanic 
action will be weak for this pair, but tin will be the electro-iwsitive 
element, and hence the one to suft'er. 

(3) As soon as a portion of the brass surface is exposed, action on 
the zinc begins, but it is comparatively weak, since tin is the electro- 
negative element 

By another set of local currents the previous action on tin is acceler- 
ated, since copper takes the ])lace of iron as cathode. As the exx)08are 
of brass surface continues, the intluence of the tin coating disapi)ears 
and action on the zinc of case is accelerated as the local currents 
between zinc and copper appear. 

(4) The time during which tin affords a protection will depend upon 
the nature and extent of decom])osition of powder. 

II. — EXPEUIMENTAL INVESTIGATION. 

It is assumed that nitric a(*id is the acid most likely to be produced 
by decomposition of powder. 

FIRST EXPERIMENT. 

Ohjert — To determine loss of weight per unit area of surface of metals 
when immersed in a 5 i)er cent solution of nitric acid. 
The following tables show lesults: 

Table I. 



Motsils tested. 



I^sH iHT nqnare inch. ' Tgtal loss 
- - - -- -ipernqiisre 

In-.n.oa™.: '\»«^™ «>f.U„»« 



Oram. 
0.2682 



Oram, i 


Orttm. 


0.46S6 ! 


0.73S8 


.2020 : 


.2082 


.1802 ! 


.nsi 


.0721 ' 


.0802 


.0740 


.0823 



Till 

CopiMi . 0042 

'/inr .1540 

Cartrhlpo. braHM ^ ' .0081 

Cartridj:*', brass, tiiiiicd i .0083 

REMARKS. 

(1) The greater loss of tin as compared with zinc is due to the fiEMSt 
that the zinc oxide formed adheres to metal and retards further action, 
while the tin oxide falls away from the metal. 

(:!) The loss of cartridge brass is much less than the loss of either 
zinc or copper when acted on separately. As previously stated, this 
was to be expected, and is explained by the facts that local electro- 
chemical action takes place, that the ('0])per is protected at the expense 
of the zinc, and that the zinc loses but little in weight on account of the 
small surface exposed. It is also probable that in the decomposition of 
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the electrolyte a deposition is made on the copper surface which pre- 
vents accurate measurement of the true loss of weight in zinc. 

(3) As judged by this test, the tinning of brass-cartridge metal 
resulted in a slight increase of loss of weight. 

Taiilk II. — Second experiment on loss of weight per square inch of surf ace exposed. 



Metals tested. 



Service case, brass, not tinned. 
Service c««4', tinned 



Loss per square inch. 

r« R i.^.,.<. In next 2i 
In 5 hours. j^^„^^_ 



Oram. | Oram. 
0. 0069 0. 0507 



0018 



a0003 



aGained. In five hours all the tin was dissolve<l off the metal, but during the next twenty-four 
hours stannic oxide was deposited on the case. 

THIRD EXPERIMENT. 

Object — To determine electro-chemical order of the metals, copper, 
brass, tin, and zinc. 

By use of a Bradley tangent galvanometer and a 5 per cent solution 
of nitric acid this order was found to be electro-negative, copper, brass, 
tin, zinc, electro-positive. 

REMARKS. 

The position of brass is due to its large percentage of copper. This 
order explains the complete oxidation of zinc and tin before corrosion 
of copper begins. 

FOURTH EXPERIMENT. 

Object. — To investigate the voltaic protection afforded by the above 
metals to each other. 

(a) Two brass-cartridge cases, one tinned and the other not tinned, 
were immersed in 5 per cent nitric acid and connected by wire. In 
from six to seven hours all the tin coating disapp.eared and a tinge of 
blue color appeared in liquid, indicating solution of copper. 

(b) A tinned brass case and a piece of zinc, electrically connected, 
were immersed in 5 per cent nitric acid. The tin remained unaffect^ 
for forty-eight hours. After seventy-two hours the tin showed slight 
signs of oxidation. Previous experiments had shown that without the 
protection afforded by zinc the tin covering would have disappeared in 
from five to seven hours. 

(o) A brass case, not tinned, and a piece of tin were connected and 
immersed in 5 per cent nitric acid for several days. The brass case 
was not attacked, but a great deal of the tin was converted into stannic 
oxide, most of which collected at bottom of vessel. Some of it was 
deposited on the brass case. 

(d) A tin disk (weight 48.3842 grams, superficial area 7.8126 square 
inches), and a cartridge-brass disk (weight 57.1166 grams, superficial 
area 7.8126 square inches), were connected and immersed in 5 per cent 
nitric acid. In one hundred and twenty hours the tin had lost 0.6098 
gram per square inch of surface, and the brass had gained 0.0047 gram 
I)er sqaare inch. A slight deposit of stanftiic oxide on brass disk 
explains the gain in weight. 

(e) In a similar way it was demonstrated that tin and zinc will pro- 
tect copper. 
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REMARKS. 

This set of experiments supports the assumptions made in first sec- 
tion of this report as to nature and order of the chemical actions 
which result in corrosion of brass cartridge cases tinned. 

FIFTH EXPERIMENT. 

Object. — To determine whether solutions of the service powders, 
black, W.-A. and Peyton are capable of producing electro- galvanic 
a<tion. 

The jars and plates of three new gravity cells were used. A layer 
of powder about 2 inches deep was placed in each jar, after which the 
jar was filled with distilled water. A Bradley tangent galvanometer, 
coil No. 1 (resistance supposed to be 150 ohms), gave the following 
deflections for the cells immediately after assembling: 

Degrees. 

BIa<'k powder cell , 34 

W.-A. powder cell 24 

Peyton powder cell 18 

Ceil containing distilled water only 

Cell containing hydrant water only 4 

Ordinary gravity c^ell in good order 47 

The plates were removed from the powder cells and the powder solu- 
tions allowed to stand for about one week, after which the deflections 
were found to be : 

Degrees. 

Black powder cell 43 

AV.-A. powder cell , 35 

Peyton powder cell 23 

All currents decreased rapidly on closed circuit. 
The cells were then kept short-circuited for a week, after which the 
deflections were: 

Degrees. 

Black powder cell 10 

W.-A. powder cell 20 

Peyton powder cell 4 

When the jars were filled with powder containing only the normal 
percentage of moisture, no deflections were discernible. 

The powder solutions were very nearly neutral. There was a sus- 
picion of acidity when tested by litmus paper, but it was a suspicion 
only. 

REMARKS. 

(1) When electro-galvanic action takes place it will be stronger in 
black than in smokeless-powder cartridges. 

(2) This is corroborated by the samples submitted, which show more 
corrosion in the .45-caliber than in the .30-caliber cartridges for equal 
storage. 

(3) If corrosion depends upon galvanic action, cartridge cases con- 
taining W.-A. powder should be affected more oy long storage than 
those containing Peyton powder. 

In the sample (*.ases it will be seen that the 2-year old Leonard pow- 
der cases were aftected more than the Peyton cases. The oldest W.-A. 
case^^ are one year and a half old, and those examined show little* if 
any, action. 
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SAMPLE OASES. 

A complete exhibit can be made of the corrosive effect of black pow- 
der under ordinary conditions of storage, but in the case of smokeless 
powder only 2-year old cases are available. 

Board No. 1^ submitted herewith, shows the action of black powder 
on tinned and untinned brass cases during storage of from one to 
twenty-seven years. 

Board No. 2 shows action of smokeless powders during one and two 
years' storage. 

Board No. 3 shows, for comparison, the action of black and smokeless 
powders during a period of forty-five days. Extreme conditions were 
obtained by loading the powder while wet and storing the cartridge in 
water. 

REMARKS. 

(1) The progressive action of black powder is shown very clearly 
by No. 1 board. The tin in contact with black powder lasts for about 
two years. Very little, if any, is left after four years. The rate of cor- 
rosion by black powder decreases after about four years, due, probably, 
to the protection afforded by the hard, black deposit which adheres 
closely to metal of case. Boiling for hours in water will not remove 
this deposit from old cases. A soaking overnight in concentrated 
ammonia does remove it, and the blue color produced in the ammonia 
shows the presence of copper salts. 

A box of .50-caliber black-powder cartridges, loaded by the Union 
Metallic Cartridge Company in 1872, were tired. One of the 20 cases 
ruptured transversely, but this was due, apparently, to original defect 
in case. 

(2) Board No. 2 : The discarded Leonard powder shows the great- 
est erosion. The oldest W.-A. sample is one year and a half old, and 
the indications are that this powder has the least corrosive action dur- 
ing storage for this time. 

When sufficient moisture is absorbed, or when the powder decom- 
poses sufficiently to start galvanic action, it is probable that the corro- 
sive action of this powder will exceed that of the Peyton. The Leonard 
powder cartridges, which show the greatest corrosion of cases, showed 
also the greatest falling off in velocity for the two years' storage (1,964 
to 1,8H0 feet per second, while the Peyton cartridges showed practi- 
cally no loss), thus indicating that corrosion and deterioration of pow- 
der go together. 

Smokeless powders do not stick to the case as does the black powder. 
As it is not probable that smokeless-powder cartridges will ever be 
kept stored in quantity for more than five years, no fear need be enter- 
tained of a serious weakening of case by corrosion during storage. 

Cases loaded with black powder will last, under normal conditions, 
for thirty years at least, and, so far as we know at present, cases 
loaded with smokeless powder should last longer. 

CONCLUSION. 

(1) Under normal conditions of storage, brass cartridge cases do not 
need protection against corrosive action of black or smokeless powders. 
When moisture in excess is present, or when the powder has suffered 
material decomposition, the protection afforded by tinning the case is 
too slight to justify, on this ground, the expense involved in tinning. 
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(2) To insure a neat appearance in finished product, however, the 
.30-caliber cases must be either tinned or jumbled. 

The expense of tinning, floor space not included, is only about 7 
cents x>cr 1,000. It would cost nearly, if not quite, as much to jumble 
them, and tinning gives a neater appearance. It also furnishes a dis- 
tinctive mark for the Frankford Arsenal product. 

RECOMMENDATION. 

It is therefore recommended that the tinning of .30-ealiber brass 
cartridge cases be continued. 

Very respectfully, B. W. Dunn, 

Lieutenant J Ordtiance Departtnent, U. 8. A, 

The OoMMANDiNu Officer, Frankford Arsenal, Pa. 



Frankford Arsenal, 
Philadelphiaj Pa., April 22^ 1897. 

Eespectfully forwarded to tlie Chief of Ordnance, United States 
Army. 

I concur in Lieutenant Dunn's recommendation, that the tinning of 
brass shells be continued. 

J. M. Whittemore, 
Colonel^ Ordnance Department^ U, aS. A., Commanding, 

(18779— Enc. 2) 
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TABLES OF FIRE FOR U, S. MAGAZINE RIFLE AND CARBINE, CALIBER .30, 

PREPARED AT THE FRANKFORD ARSENAL, PA, 

Part I. — Measured Kemaining Velocity and Coefficient of 

Eeduction. 

Fbankfobd Arsenal^ 
Philadelphiaj Pa., February 20^ 1897. 

Sir : Pursuant to your verbal directions, I have the honor to submit 
the following report on the determination of the remaining velocity of 
the .30-caliber bullet fired from the rifle and from the carbine, respec- 
tively, and of the calculation of the value of the coefficient of reduction 
^^c" from the data so obtained. 

Considerable difficulty was experienced in obtaining velocities at the 
range of 1,450 feet, due to the small targets necessarily employed and 
to the fact that the bullet on striking the wires of the targets near the 
muzzle was often deflected from its normal path. 

The recorded velocities are as follows : 

Record of velocities at 50 feet from the muzzle and at 1,460 feet from the muzzle obtained 
from firings of the U. S, magazine rifle, caliber .30, at Frankford Arsenal. 



Date 


. 5 


1897 




Jan. 


5 




5 




5 




6 



Velooitvat Velocity at 
'"""1«- muzzle. 



Atmospheric conditions. 



Thermometer. 



Barometer. 



- Humidity. 



Ft. per see. 
1, 942 
1,956 
1.950 I 
1.958 



Ft. per sec. 
1,129 
1.135.5 
1,148 
1,132 





Dry. 


Wet. 


Inches. 


o 





29.76 


44 


39 


29.76 


44 


39 


29.76 


44 


39 


29.95 


28 


i 



Per cent. 



61 
61 
61 
60 



Record of relocities at 50.4 feet from the muzzle and at 1,450.4 feet from the muzzle 
obtained from firings of the U, S. magazine carbine, caliber .30, at Frankford Arsenal, 



Date. 



Velocity at Velocity at 

50.4 feet 1,450.4 feet 

from from 

muzzle. muzzle. 



189^ 
Jan. 



6 
6 
6 
6 
6 



Ft. per sec. 
1,876 
1,848 
1,855 
1,846 
1,818 



Ft. per sec. 
1,103 
1,066 
1,044 
1,061 
1,058 



Atmospheric 


conditions. 

1 




Thermometer. 


i 


, Barometer. 




Humidity.' 

Per cent. 
60 
60 
60 
60 
60 


Dry. 


Wet. 


Inches. 
30 
30 
30 
30 
30 


o 

29 
29 
29 
29 
29 


o 










In the computation of the value of the coefficient of reduction "c" 
the percentage of moisture has been taken as "two thirds saturation,'' 
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as ill Ingalls's Handbook of Ballistics ; the actual humidity daring the 
firing was Gl per cent and 60 per cent on January 6 and Jonoary fi^ 
1897. The difference is regarded as inappreciable. 
The values of "c'^ are as follows: 

r. S. matfazine rifle. 



Date. 



Jan. 5 
5 
5 
6 



Value of 



Mean 
variation. 



I 



0. 909U8 ! 



.91003 
. 88441 i 
. 882L>5 I 



0.01264 
.01359 
.01203 
.01419 



Mean value of "c" 

Mean variation from the mean . 



... 0.89M4 
... .01811 



r. S. nmgasine carbine. 



I 



Date. 



Jan. 6 
6 ' 
6 ' 
6 
6 
I 



Value of 



0.86381 
.91205 
.96713 
.92104 
.90343 



Mean 
variation. 



— 0.04968 

— .00144 
+ .05364 
+ .00765 

— .01006 



Moan value of "c" 0.B1M9 

Mean variation from the mean 02447 

In connection with the values of '^c" just determined, it is well to 
note that these values are based on a value for the diameter of the bullet 
in flight equal to 0.30642- inch. 

There seems to be a difference of opinion among those who have 

computed trajectories of tlie .30-caliber rifle as to whether the diameter 

of the bore across the lands (0.30 inch) or the diameter of the bore 

across the grooves (0.308 inch) should be used as the value of d in the 

w 
expression ,j. The correct value of d would seem to be the radius of 

the mean circle of maximum cross section of the bullet in flight. This 

value of d is found to be equal to 0.30(>42 inch, as given above. 

it is interesting to compare the value of "c," just determined, with 

the value determined at this arsenal in 1894. In determining the value 

w 
of ^M^'- in 1894, the value of d in the expression ^2 was taken as 0.308 

inch. The values of the velocity at 50' and at 1,450 feet taken with 
the rifle in 1894, together with the resulting value of "c,^ based upon a 
value of d=".308, are given in the following table: 



i>j»t»«. 



Vclooity 
at 50 feet 

from 
muEzle. 



Velocity 
at 1,450 feet. Value of 
from "c. " 

nnszlo. I 



1»94. 

Jiiiit' 2 

2 

2 

Mean 



1,082 


1 
1 

1,168 \ 


1,086 


1,170 


1.982 


1.180 


1,983 


1.172 J 



0. 



To compare the value of ^^c," determined in 1804, with the valae 
determined January 5 and G, 1897, the value of d should be the same. 
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Compating the value of ^^c"&om the data now obtained and using 
d=".308, we find the value of "c" on this basis equal to 0.88725. 

Value of "c" determined in 1897, taking d =".308 0.88725 

Value of *'c" determined in 1894, taking d =".308 88683 

Difference 00142 

This difference is so slight as to be negligible, and confirms in a most 
satisfactory manner the data obtained in 1894 and the trajectories com- 
puted with the said data. These trajectories are given on page 98, 
Report of the Chief of Ordnance for 1894. 

It must be said that the value of the ballistic coeflftcient ^'C" deter- 
mined from any record of initial and terminal velocities remains the 
same, whatever the value of d u^ed in its computation when the coeflB- 
cient of reduction "c" is the one corresponding to the value ofd used. 

Thus assuming -V = 1, we have for the value of "C" when d = .30642 

and <^c^' = .89644, ^'C = .37345, and for the value of '^C^ when d = 
.308 and "c" = .88725, "C = .37345. 

The value of "C," resulting from the experiments in June, 1894, = 
.3740. The difference between this value and the value of 0.37345 is 
inappreciable. 

It will be observed that the value of " c" for the carbine determined 
above is greater than that determined for the rifle. The obsei^v^ations 
were most carefully made, and there is nothing to warrant a discrediting 
of the results obtained. 

The difference in the 500 and 1,000 yards trajectories resulting from 
the two values of "c'^ = .89644 and "c" = .91349 is so slight as to be 
negligible; and all practical purposes will be served by taking "c'^ = .9 
for both the rifle and the carbine at these ranges.^ 

Respectfully submitted. 

Golden L'H. Ruggles, 
First Lieutenant, Ordnance Department^ U. S, A. 

The Commanding Officer, Fbankfobd Arsenal, Pa. 

• 

Approved and respectfully forwarded to the Chief of Ordnance, 
United States Army, in connection with 3d indorsement on letter No. 
7746— Enc. 29. 

J. P. Farley, 
Lieutenant' Colonel, Ordnance Department, U. R A., Commanding, 

(7746— Enc. 36) 

Part II. — Difference in Velocity of Rifle and Carbine. 

Fbankford Arsenal, 
Philadelphia, Pa., March 23, 1897. 

Sir : Pursuant to your verbal directions I have the honor to submit 
the following report on the difference in velocity of the same ammuni- 
tion when fired in the rifle and when fired in the carbine. 

The following rounds were fired October 20, 1896, and December 29, 
1896 (the velocities given are instrumental velocities at 53 ^t from 
muzzle) : 

'(The difference in the maximum ordinate of two 1,000-yard tr^jeotories, one 
computed with "c" = .89644 and the other with "c^ = .91349, is about i foot.) In 
connection with a value of *'c'' = .9, the value of d= .30^2 should be used. 

The 100-foot interval for observed terminal velocities at 1,450 feet range is passed 
by the bullet in less than 0.094 second of time. 

A correction of 0.625 per cent on this time reconciles the difference in carbine and 
rifle values for "c." 

J. P. F. 



116 



APPENDIX 10. 



CompanUir* Imt It/ U. 8. maymrit HJIe amd tmrUme, eatiiw M,J^ ttlati^. 

OCTOBER SO. laa. 

IScrrieauBntDBnim: Chuge, Sl-tfnin* PFrwa pDwdcTi bvlh^ » graiaa S. B.} 

BiflftXo, 38127,nM>»nof lOrtoW 19T7.S 

CarbiiM Nv. Z9t05, mean of 10 •hobt 1919.9 

Difiiireoce, fi«t per strcoDd . ... ... 57 

DEOEMBEK ». IMC 

lAfDmnDillon, handloaiM: Charge, 37 grmist Ptjumpowda; boIlM. mgntMX. S.) 

KiAi'No. :«l«,meauof 9Bhota 1932 

Ciirhin.; So. 29*(ie, mwn of il ahoto IgSti 

IJifTirenci-, feet per a<:i-oad 66 

Tbe mean of the differeDces on the two days is 6Ld feet per second. 
From tliis data a differeDce of GO feet per eecond was assumed as that 
to be; cxi>e<;ted from the same ammunitiou vhen fired in the rifle and 
in the carbine. 

This (lirt'erenoe has been marked on the labels of pasteboard packing 
boxes Hin<;e about January ti. 1897. 

it is known at thia arneiial that the velocity of the same ammnnition 
when firud in different riflea will vary by a» mach as 20 feet per second, 
even when the rifletf tested have not been Qred previous to the test. 

To eliminate this liability to errfir in a coinparative test of velocity 
between tbe rifle and the carbine, an experiment was made as follows: 

Sixty cartridges wi?re earefully hand loaded with a charge of powder 
that gave about 1,964 feet per second in a new rifle, No. 'm639. 

Twenty Ave ronnds were tben fired with this rifle, using tbe above 
ammnnition. After firing twenty-five ronnds, tbe barrel of the rifle vas 
sent to tbe m^hine shop, where 8 inches were cut off its length (to make 
the barrel of tlie same length an the carbine barrel). The barrel was 
then mounted on the carbine stock and fired 26 more ronnds for velocity. 
The interval of time between the two firings was about one hour. Tbe 
retiult was as follows : 

March JO, ISO?, Hrte Xo, 38l!SS. 
[nluB W.-A. ■niakrluu powder: bullet, 230 jcnina S. B.J 



lisu I 

1,BB2 ! 



r 1,'liKth. 
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The muzzle velocity corresjwnding to the instrumental velodty of 
1,970 feet per second with the barrel of rifle length is 2,010.7 feet per 
second. The muzzle velocity corresponding to the instrumental veloc- 
ity of 1,891 feet per second with the barrel of carbine length is 1,930.2 
feet per second. 

The difference is 80.5 feet per second. For simplicity it is recom- 
mended that the fraction be dropped and the difference be accept<^ as 
80 feet per second. 

Eespectfully submitted. 

Golden I/H. Euogles, 
First Lieiittnanty Ordnance Department, U. S. A. 

The Commanding Officer, Frankford Arsenal, Pa. 

Respectfully forwarded to the Chief of Ordnance, United States 
Army, in connection with 5th indorsement on letter !No. 7746, enclos- 
ure 20. 

J. Pitman, 
Major^ Ordnance Department, U. 8, A., Commanding, 

(7746— Enc. 46) 



Office of the Chief of Ordnance, 

Washington, April G, 1897. 

Respectfully returned to the commanding oflBcer, Frankford Arsenal. 

It would appear that the single series of firings reported within, which 
makes the difference of velocity for the rifle and carbine 80 feet per 
second, is hardly sufficient to determine so important a factor. Service 
conditions would be better met if, say, six carbines were tired under sim- 
ilar conditions to reach an average result. It is ^esired that such firings 
be made before adopting a standard velocity for the carbine, using 
ammunition of the standard velocity for the rifle, and if considered 
advisable making some comparative firings with the rifle at the same 
time. 

It is possible that the powder may affect the result, and the carbine 
firings should include a series with each of the different makes of 
powders in service. 

Charles Shaler, 
Acting Chief of Ordnance. 



Frankford Arsenal, Pa., June 9, 1897. 

Respectfully returned to the Chief of Ordnance, United States Army, 
inclosing velocity results obtained from firing six rifles and six carbines, 
caliber .30, with three varieties of smokeless powders, viz., Peyton, 
Du Pont, and W.-A. 

The cartridges were hand loaded, charges weighed, and all those for 
each variety of powder loaded at the same time. 

Ten rounds were fired, alternately, from clean rifles and carbines. 

The average difference of velocity between the rifle and carbine 
varied from 88.6 feet per second to 89.8 feet per second, according to 
the powder used. 

Considering each series of ten shots separately, it varied from 71.5 
feet per second to 110.4 feet per second with the Peyton i)owder5 com- 
paring single shots, from 15 feet per second to 145 feet per second; 
thus indicating that it would be difficult to obtain any strictly accurate 
difference in velocity between the rifle and carbine, as the velocities 
vary in the individual arms. 
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lu this coimection rifle Ko. 38120, which had been used to test 
velocity of the daily manufacture of cartridges (Peyton powder) up to 
June 3, and had been lired about 750 rounds, gave velocities of 1,939 
feet per second and 1,913 feet per second as a mean of 10 shots, whereas 
in ritle Xo. 43292 (fired 32 rounds), with the same cartridge, a velocity 
of 1,970.6 feet per second was obtained; all subsequent trials with the 
former rifle gave these low velocities. On June 8, with 38.3 grains 
Du Pont !No. 11 hand-loaded cartridges, the velocities were (mean of 5 
shots) 1,909.2 feet per second, mean variation 8.24 feet "per second and 
1,964.4 feet per second, mean variation 3.2 feet per second. It would 
therefore appear to me that the 80 feet per second difference in velocity 
obtained by Lieutenant Euggles by cutting off the rifle barrel, thereby 
eliminating all differences except length of barrel and very slight wear, 
is as correct a difference between standard velocity of rifle and carbine 
as can be obtained. 

J. M. Whittemobe, 
Colonelj Ordnance Department^ U. 8. -A., Commanding. 

• 

Comparative velocities of rifle and carbine, caliber ,50, obtained by firing six rifles and six 

carbineSf April SO to May 24, 1897. 

RIFLE. 
[Mean of 10 shots.] 



Number. 



43077 
43142 
43201 
43292 
43586 



W.-A. powder, Iota 1 to 5, 
received Sept. 2, 1896. 
Charge, 89.2 grains ; 
cupro-nickeled steel 
bullet, 220 grains; G.m 
primer. 



Veloi'ity 
at 53 feet 

from 
muzzle. 



1,968.6 
1, 975. 
1, 980. 8 
1,901.6 
1.971.0 



Ex- 

tfenie 
varia- 
tion. 



43599 1,993.8 



Average 1, 980. 1 



22 
24 
20 
20 
22 
22 



I 



Mean 
varia- 
tion. 



7.12 
7.00 
6.24 
5.20 
6.20 
5.44 



Peyton powder, lot 16, 
received Jan. 11, 1897. 
Charge, 37.3 grains; 
cupro-nickeled steel 
bullet, 220 grains ; G^ 
primer. 



Dn Pont powder, lot 11, 
received Feb. 3. 1897. 
Charge, 38.6 grainM: 
cnpro-nickeled Htenl 
bullet 220 grains. G.x 
primer. 



Velocity i Ex- 
at 53 feet treme 



I 



from 
muzzle. 



1, 962. 4 
1. 968. 8 
1, 972. 2 
1,981.2 
1,966.2 
1,977.0 



6.20 1,971.3 



varia- 
tion. 



42 
40 
26 
36 
44 
24 



Mean 
varia- 
tion. 



10.48 

10.40 

7.32 

9.60 

12.96 

9.00 



Velocitv 
at 63 feet 

from 
muzzle. 



9.96 



1, 952. 6 
1,963.0 
1,084.0 
1,984.2 
1,966.0 
1,976.4 



1,971.0 



Ex- 
treme 
varia- 
tion. 



54 
42 
16 
36 
18 
22 



Meau 
varia- 
tion. 



12.32 
7.8 
5.2 

11.0 
i.8 
4.8 



7.66 



CARBINE. 



35086 1,884.5 

35062 1,894.7 

35244 1,878.6 

3r)263 1, 903. 2 

35784 1. 802.8 

35792 1.888.1 

Average 1,890.3 



55 


7.30 


1,884.3 


23 


5.70 


1,880.2 


43 


27 


9.04 


1, 870. 8 


54 


13.44 


1,891.6 


87 


47 


8.76 


1, 889. 5 


50 


10.80 


1, 878. 


22 


40 


8.20 


1,890.9 


56 


12.52 


1,890.8 


30 


71 


14.68 


1,874.1 


37 


11.88 


1, 870. 9 


43 


28 


8.12 


1,881.6 


46 


9.48 


1,883.4 


30 




9.35 


1,881.8 




10.63 


1,882.4 





10.40 
7.20 
7.00 
7.00 
6.84 
7.12 



7.75 



VELOCITIES OF RIFLE AND CARBINE, SINQLE SHOTS. 



Velocity. 



Ride. 



W.-A. I Peyton | Du Pont 
powder. i>owder. ' powder. 



Carbine. 



Hipht'f^t. 
Lowest . 



Dill'ereuce 




W.-A. j Peyton DuPont 
powder, powder, i powder. 



1.910 
1,1 



1.023 
1,851 ! 



72 



TABLES OF FIRE FOR UAGAZINE RIFLE AND CARBINE. 119 



Da PoDt powder B8.1 



K 8ETa or lU SHOTS. 



Pcytoapawder ; 
Dn Pont powiet : 
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Pabt III. — Computed Tables op Fire for U. S. Maoazinb Rifle, 
Caliber .30. 

Frankfobd Arsenal, 
Fhiladelphia, Pa., June 1, 1897. 
Sir: I have the honor to sabmit the followiDg memoranda of the 
tr^ectory of the U. 8. magazine ride, caliber .30, pursuant to the instmo- 
tiona contained in Ordnance Office file Ko. 7746: 

1. Elevation. 



Rugc. 


Anglaofde- 


ItuEe. 


Angle or de- 

p»rto™. 




o . .. 
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5. VKM)ciTr. 



K-«-. 


Mldotty.' 








Bug*. 


'sx?' 


rard*. 

aoa 

800 
•00 


I,69U 


■"l 


i 
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676 
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6. Force of Impact. 



Tardi. 



Fnot-lbi. I Vanlt. 

1.5S3.4 I ],lfla 

'»Si.2 lisiil) 

TBI. 8 I l.-iOii 



KemaintDg 



Tbe pressure per nrjiiare iiu-li in the chamber of the gnn is 38,000 
ponnds. 

9. liKCOIl.. 

The maximmD energy of free recoil is 10.025 foot-poaDds. 

10. TlMK itV FIJUHT. 
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liaiij 



<eo- 



(light I 

.„,,.. I 
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11. Maximum Ranhe. 

The maximniD range ia 4,060 yards, the angle of departure being UPy 
and tbe time of flight 34.6 seconds. 
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13. Dangerous Spaces, Rifle against Infantry and Cavalry. 



Distance on line 
of sight. 



Rising branch 
of tri^ectory. 



Falling branch of trajectory. 



100 yards . . 
200 yards . . 
300 yards . . 
400 yards . . 
500 yards . . 
600 yards . . 
700 yards .- 
800 yards . . 
900 yards . . 
1,000 yards. 
1,100 yards. 
1,200 yards. 
1.300 yards. 
1,400 yards. 
1,500 yards. 
1,600 yards. 
1,700 yards. 
1,800 yards. 
1,900 yards. 
2,000 yards. 



In- 
fantry. 

Yards. 

All. 

All. 

All. 

80.39 

44.85 

31.31 

23.43 

18.15 

14.73 

12.20 

10.28 

8.78 

7.58 

6.60 

5.80 

5.13 

4.56 

4.08 

3.65 

3.28 



Cav- 
alry. 



Tardi. 

All. 

All. 

All. 

All. 

176. 63 

108.24 

79.07 

61.45 

49.50 

40.85 

34.34 

29.28 

25.26 

22.00 

19.30 

17.09 

15.20 

13.50 

12.17 

10.94 



In front. 



In- 
fantry, 



In rear. 



Cav- In- 
airy. . fantry. 



Yards. 

All. 

All. 

All. 

137.85 

79.95 

54.70 

39.99 

30.88 

24.59 

19.92 

16.58 

13.84 

11.84 

10.11 

8.77 

7.67 

6.71 



5. 
5. 
4. 



90 
19 
58 



Yards. 

All. 

All. 

All. 

All. 

154.41 

87.17 

60.24 

45.31 

35.69 

28.72 

23. 75 

19.79 

16.83 

14.43 

12.50 

10.88 

9.51 

8.34 

7.34 

6.47 



Yards. 

102.49 

109.78 

92. 45 

72. m 

56.76 

43.60 

34.38 

27.50 

22.54 

18.76 

15.77 

13.49 

11.47 

9.94 

8.41 

7.38 

6.50 

5.75 

5.11 

4.56 



Cav- 
alry. 

Yards. 

190.15 

100.27 

132.45 

102. 50 

79.24 

61.11 

48.31 

38.83 

31.74 

26.49 

22.22 

18.99 

16.25 

13. 97 

12. 07 

10.58 

9.30 

8.19 

7.23 

6.39 



MaximoxD con- 
tinuooB danger- 
ous space. 



Total. 



In- I Cav- In- [ Cnv- 
fantry. | airy. | fantry. ! airy. 



Yards. 

202.40 

3()9. 78 

392.45 

210. 59 

136.71 

98.30 

74.37 

58.38 

47.13 

38.68 

32.35 

27.83 

23.81 

20.05 

17.18 

15.05 

13.21 

11.66 

10.30 

9.14 



Yard*. 

290.15 

366.27 

432.45 

502.50 

233.66 

148.28 

108.55 

84.14 

67.48 

55.21 

45.97 

88.78 

33.08 

28.40 

24.57 

21.46 

18.81 

16.53 

14.57 

12.86 



Yardit. 

202. 49 

309.78 

392. 45 

290.98 

181.56 

129.61 

97.80 

76.53 

61.86 

50.88 

42.63 

36.11 

30.89 

26.65 

22.98 

20.18 

17.77 

15.73 

13.95 

12.42 



Yards. 

290.15 

366.27 

432.45 

502.50 

410. 28 

256.52 

187. 62 

145.50 

116.93 

06.06 

80.31 

68.06 

58.34 

50.40 

43.87 

38.55 

34.01 

30.12 

26.74 

23.80 



In computing the dangerous space against cavalry, the gun was 
assumed to be aimed at the middle of the object, i. e., at a height 48 
inches above the ground. 

Although the pamphlet description of the Springfield rifle and car- 
bine states that the gun is assumed to be aimed at a point 34 inches 
above the ground in determining dangerous spaces against both infan- 
try and cavalry, it is thought that such statement is an oversight and 
that the gun is really assumed to be aimed at the middle of the object. 
If the gun were aimed at a point 34 inches above the ground in both 
cases, the dangerous spaces in rear should be the same for cavalry as 
for infantry. 

It was not noticed until the date of writing this report that the Chief 
of Ordnance, in an indorsement on Ordnance Office file N"o. 7746, 
enclosure 47, called attention to the discrepancy in this respect between 
the Springfield pamphlet and the small arms firing regulations, Blunt, 
1889. 

The computation of the data corresponding to the above for the U. S. 
magazine carbine has progressed to a considerable extent, but is now 
suspended pending an official designation of the muzzle velocity to be 
accepted for the carbine. 

Respectfully submitted. 

Golden L'H. Buogles, 
First Lieutenant, Ordnance Department^ U. S, A, 

The CoM^iANDiNa Officer, Fbankford Absenal, Pa. 

Fbankfobd Absenal, 
Philadelphia, Pa., June 3, 1697, 

Respectfully forwarded to the Chief of Ordnance, United States 
Army. 

J. M. Whittbmobb, 
Colonel, Ordnfi,nce Department, U. 8. A., Commanding. 

(7746— Enc. 53) 
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Part IV. — Oouputed Tabu:s op Fieb poe U. S. Magazine 
Carbine, Calibbe .30. 

Fbanepoed Arsenal, 
Philadelphia, Pa., Angtut 10, 1897. 
Sir: I have the honor to submit the following memoranda of the 
trajectory of the IT. S. magazine carhine, caliber .30, in accordance 
with the dbections of Ordnance Office, file No. 7740: 
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6. Velocity. 



k«<K^ 


VdMlly. 
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V.h.i.,. 
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I. FoucE oi' Impact. 



R>DK.. 




ttange. 








Tord> 
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1,100 
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■i^..a 
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8. Pressure. 
Thirty-eight thoosand ponnds per sqnare inch. 

9 Recoil. 
Maximum energy of f^ee recoil is 1I.$27 fbot-ponnds. 
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10, Time of Flioht. 
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11. Maxi>iu)i Rancb. 

The maximam range of the XT. 3. magaziDe carbine is 4,016 yards, 
Tlie corresponding angle of departare is 44°, and Uie tmie of flight 
34.3 seconds. 
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Dangerous Spaces, Carbine against Infantry and Cavalxt. 



(^Calculated nnder the aMnmptkm that the gnn when fired is 56 inches tnim tht 
height of a man is 68 inches, that the bttad of a man on horseback is 8 feet aboTC dbe 
the gun is aimed at the middle point of the target.] 



that the 
and that 



Distance on line ' 
of sight. 



Rising branch 
of trajectory. 



100 yards.. 
200 yards . . 
300 yardn . . 
400 yards . . 
500 yards . . 
600 yards - . 
700 yards . . 
800 yards . . 
900 yards . . 
1,000 yard*. 
1,1 00 yards. 
1,200 yards. 
1,3(10 yards. 
1,400 yards. 
1,500 vards. 
1,600 yards. 
1,700 yanls. 
1,800 yards. 
1,900 yards. 
2,000 yards. 



In. 

Cantry. 

Yards. 

All. 

AIL 

AU. 

69.62 

40.74 

28.95 

21.57 

17.01 

13.81 

1L47 

9.68 

8.28 

7.17 

6.26 

6.50 

4.87 

A,H 

3.88 

3.48 

3.13 



Cav- 
alr>. 



Yard*. 

All. 

All. 

All. 

All. 
153.27 
98.26 
72.69 
56.87 
46.03 
38.17 
32.22 
27.50 
23.84 
20.82 
18.30 
16.24 
14.46 
12.83 
11.60 
10.44 



Falling branch of tr^ectory. 



In front. 



In rear. 



Marimnm c<wi- 
tinuonadan- 



TotaL 



In- Cav- In- I Cav- 
fantry. airy, fantry. | airy. 



lard#. 


Yards. 


All. 


All. 


All. 


All. 


All. 


AU. 


121. 72 


AU. 


73.18 


133.24 


50.23 


79.07 


37.09 


55.82 


28.80 


42.33 


22.76 


33.22 


18.76 


27.12 


15.69 


22.60 


13.25 


18.96 


11.32 


16.13 


9.75 


13.89 


8.46 


12.01 


7.37 


10.46 


6.44 


9.13 


6.64 


7.99 


4.95 


7.02 


4.35 


6.18 



Yard*. 

100.25 

105. 11 

87.83 

68.79 

53.06 

41.43 

32.83 

26.51 

22.05 

18.23 

15.28 

12.94 

11.09 

9.54 

8.27 

7.21 

6.31 

5.55 

4.90 

4.34 



Yards. 

183.63 

158.79 

125.53 

96.80 

74.39 

57.98 

46.00 

37.22 

30.80 

25.54 

21.39 

18.22 

15.63 

13.42 

11.63 

10.16 

8.90 

7.83 

6.90 

6.10 



genraa space. 


In- 


Cav- 


fantry. 


alry. 


Yards. 


Yards. 


200.25 


283.63 


305.11 


358.79 


387.83 


425.53 


190.51 


496.80 


126.24 


207.63 


91.66 


137.05 


69.92 


10L82 


55.81 


79.55 


44.81 


64.02 


36.99 


52.66 


30.97 


43.99 


26.19 


37.18 


22.41 


31.76 


19.29 


27.81 


16.78 


23.64 


14.58 


20.62 


12.76 


18.03 


11.19 


15.82 


9.85 


18.92 


8.69 


12.28 



In- 
fkntry. 

Yards. 

200.25 

305. U 

387.83 

260.13 

166.08 

120.61 

9L49 

72.32 

58.62 

48.46 

40.66 

34.47 

29.58 

25.56 

22.23 

19.45 

17.09 

16.07 

18.83 

11.82 



Cav- 
alrv. 

» 

Yards. 

283.63 

358.79 

425.53 

496.80 

360.90 

235.31 

174.51 

136. 42 

110.05 

90.83 

76.21 

64.74 

55.60 

48.13 

41.94 

36.86 

32.49 

28.75 

25.52 

22.72 



Re8i>ectfully Kubmitted. 

Golden L'n.EnaGLES, 
Firnt Lieutenant^ Ordnance Department^ U. 8. A. 

The Commanding Officer, Fbankfobd Absenal^ Pa. 

Fbankfobd Absenal, Pa., August 17y 1897. 

liespectfnlly forwarded to the Chief of Ordnance, United States 
Army, in connection with similar ballistic data for U. S. magazine 
rifle, compated by Lieut. Colden L'H. Ruggles, Ordnance Department, 
embraced in his report of June 1, 1897, forwarded June 3, 1897. 

J. M. Whittbmobe, 
Colonel J Ordnance Department^ U, S. A.j Oomnianding. 

(774^>— Enc. 57) 
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EFFECT OF TEMPERATURE ON VELOCITY OF .SO CALIBER AMMUNI- 
TION—EXPERIMENTS AT TRE FRANKFORD ARSENAL, PA. 

(2 plates.) 

Fbankford Arsenal, 
Philadelphia^ Pa,j January 9j 1897, 

Sib : I have the honor to submit a report of work performed pursu- 
ant to the following order: 

[Fabrication Order No. 296-A.] 

FRANKFORD ARSENAL; 

PhiUidelphia, Pa., October 10, 1896. 

Lieut. B. W. DuDn, Ordnance Department, is hereby directed to take the neces- 
sary stepS; at the earliest date, for testing caliber .30 ammunition by exposure to 
temperatiires at each 10^ from 0^ to 110^ F. and determining velocities, as indicated 
in Department letter No. 12185^£nc. 30. 

J. P. Farley, 
LieutenanUColonel, Ordnance Department, U. S. A., Commanding. 

The object of tests was to determine the variations in initial velocity 
due to changes in temperature of the cartridge. By the correspond- 
ence referred to in above order it was required (1) that 240 standard 
cartridges should be brought to a temperature of 0^ F., by exposure 
for twenty-four hours in a chamber having that temperature, and 
should then have their temi)erature raised by similar exposures and by 
equal increments of 10^ F. to 110° F. or higher, 20 cartridges being 
withdrawn and fired for velocity at the ends of the successive twenty - 
four hours' exposures; (2) that the test should be repeated with another 
lot of 240 cartridges, starting at a temperature of 110° F. or higher, and 
decreasing by similar exposures and by 10^ decrements to 0° F., firing 
for velocity as before. 

The cartridges used were hand loaded with Du Pont Peyton pow- 
der and with charges intended to give a standard velocity of about 
1,968 feet per second, as requested by the commanding officer of the 
armory. The actual velocity obtained, as determined by tiring 20 
untreated cartridges from each lot, was slightly less than this; but the 
change in initial velocity of any lot of cartridges due to temperature of 
cartridges when fired can be obtained by applying to the standard 
velocity of such lot the corrections hereinafter given. 

An examination of detailed data shows some inconsistencies, such, for 
instance, as one or two cartridges in a group of 20 showing velocities 
differing largely from the mean of that group. It is thought that this 
is probably due to inaccuracies in weighing out the charges; and if the 
experiments were to be repeated it would be well to have the charge 
weighed in the chemical laboratory and on the standard scales of the 
arsenal. 
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DESCRIPTION OF HEATING AND BEFBIGEBATING APPABATTS. 

This apparatus was designed and constructed by Mr. W. Cooke, 
refrigerating engineer. It was set up at Frankford Arsenal, experi- 
mented with, altered in minor details, and finally made to work with 
perfect satisfaction. Mr. Cooke was present during the time consumed 
in adjustment and suggested most ot the changes. 

The difficulties met were due, principally, to the fact that the appa- 
ratus was required to cross the critical temperature — that of the room. 
The ordinary ovens in chemical laboratories would have given the con- 
stant temperatures desired, starting at from 10 to 15^ above atmospheric 
temperature, and running up to and beyond the limit of llO^ F. fixed by 
conditions imposed for this experiment. 

In the same way an apparatus giving temperatures around and below 
the freezing point could have been easily obtained. In addition to 
having to cross atmospheric temperature it was anticipated that the 
other condition — that for a period of twenty-four hours the temperature 
of cartridge chamber had to be kept within 3° of the required value — 
would be a difficult one to meet in an automatic apparatus. 

The apparatus (PI. I — Enc. 38) furnishes a cartridge chamber, C, figs. 
1 and 5, well protected from radiation by mineral wool ]»acking, and 
means tor introducing into this chamber at will or automatically either 
hot or cold air. The hot air is furnished by a gas heater, figs. 2 an<l 5, 
and its admission to chamber C is controlled by a damper V, operated 
by hand or by the electric motor, fig. 2, which is in electrical connection 
with the thermostat, fig. 1. 

Cold air is produced in upper chamber, fig. 1, by means of the refrig- 
erating coil, to which liquefied gas may be supplied, as shown in fig. 4. 

Anhydrous ammonia was used in these experiments; but if it were 
desired to maintain a lower temperature than 0° F., carbonic acid would 
be ])referable. 

The admission of cold air to cartridge chamber is controlled by damper 
V, operated similarly to damper V. The temperature of cartridge 
chamber is given by a thermometer T, figs. 1, 3, and 5, read from the 
outside. 

Tlie thermostat for controlling temperature of cartridge chamber is'a 
high-grade instrument, constructed in the usual way. The blade, formed 
of two sheets of steel and aluminum, respectively, is rigidly atUiched to 
the shaft b, figs. 1 and 2. 

The i)ointer p is rigidly attached to same shaft and controlled by 
antagonistic screws a a'. By means of pointer and scale S, fig. 2, the 
thermostat may be set for any temperature. The lower end of blade is 
embraced by two adjustable contact points, and the opening or closing 
of damper V or V, through agency of the electric motor, depends upon 
which point is in contact with blade. It was found that a variation of 
1"^ F. from its setting, and frequently a less variation, caused the blade 
to change contacts, and thereby to operate dami)er. 

For accurate working and for economical use of liquid gas, the tem- 
perature in upper or cold chamber should be kept about 10° below that 
required in cartridge chamber. Another thermostat of comparatively 
low grade is kept in that chamber and arrangeil to ring an alarm bell 
when the temperature there passes a certain limit imposed by the "set- 
ting'' of this thermostat. The setting is eftivted by a shalt, pointer, 
and scale, not shown in drawing, but similar to those explained. 
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While working above atmospheric temperature it was necessary only 
to operate the clamper V, to supply at intervals by hot air the heat lost 
by radiation. The damper Y' was open ; the gas burned constantly in 
heater, and the valve in ammonia-supply pipe, fig. 2, was closed. 

When working below atmospheric temperature, the damper V was 
kept closed — the gas not being lighted — and the damper V was operated 
to admit cold air at intervals into cartridge chamber to absorb the heat 
gained by radiation. 

When working near atmospheric temperature, the temperature of 
cold chamber was kept about 10^ below the temperature required in 
cartridge chamber, and the damper V left jnst enough open to per- 
mit a slight leakage of cold air into lower chamber. This tended to 
keep the temperature in cartridge chamber below atmospheric tempera- 
ture, and, with gas burning, the automatic operation of damper V 
supplied the heat necessary to counteract this leakage. 

The cartridge chamber C is so well protected by mineral- wool pack- 
ing that changes in its temperature through radiation into the room con- 
taining apparatus take place very slowly. When brought to 0^ F. and 
left undisturbed for sixteen hours in a room the temperature of which 
ranged from 70 to 65 o F., the temperature of chamber C rose less than 
lOoF. 

The following data were obtained : 

FIRST SERIES OF TESTS. 
[Cartridges loaded by hand with 37.5 grains Du Pont smokeless powder, lot No. 1.] 

1. Standard velocity at 53 feet from muzzle — untreated cartridges. 



Number of shot. 



1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 



No. 1 in< 


No. 2 in- 


stniment. 


strnment. 


1,052 


1,950 


1,982 


1,976 


1,963 


1,960 


1,946 


1,942 


1,954 


1,952 


1,954 


1,948 


1,970 


1,966 


1,966 


1,964 


1,950 


1.946 


1,946 


1,942 


1,958 


1,962 


1,962 


1,060 



Number of shot. 



13. 
14. 
15. 
16. 
17, 
18. 
19. 
20. 



Mean 



No. 1 in- 
strument. 



1,946 
1,952 
1,956 
1,962 
1,954 
1,946 
1,950 
1,946 



No. 2 in- 
strument. 



1, 953. 7 



Mean of two instruments. 



1,942 
1,952 
1,954 
1,958 
1.954 
1,944 
1,948 
1,944 




Barometer. 30". 37; thermometer, dry, 28°. 



2. After exposure for forty-eight hours to a temperature of 0^ F., 20 
cartridges were withdrawn and fired. 



Number of Hhot. 



OED 97 



No. 1 in- 
strument. 



1 
2 
3 
4 

5 
6 

7 
8 



1.923 
1,932 
1,908 
1,905 
1,910 
1.907 
1,9 57 
1,908 



No. 1 in- 
strument. 



Number uf shot. 



9 1 1,926 



10. 
11. 



1,912 
1,942 

12 , 1,954 

13 1 1.938 

14 1,934 

15 1,962 

16 ; 1,990 



Number of shot. 



No. 1 in- 
strument. 



17. 
18. 
19. 
20. 



1,966 
1,978 
1,938 
1,952 



Mean 




Barometer, 30". 54 ; thermometer, dry, 44°, wet, 40°. 
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3. After exjK)8urefor twenty-four hours to a temperature of 10^ F, 



NumL>er of 8hot. 



1. 
2. 

i. 

4. 

5. 

C. 

7. 

8. 

9. 
10. 
11. 
12. 



No. 1 in- 


No. 2 in- 


Ht rumen t. 


Rtniment 


1,980 


1 1.980 


l.ft9C 


1.992 


i. 9T2 


1.970 


i,or>2 


1. am 


1,974 


1.970 


1.040 


1,940 


1.080 


1, 080 


1,964 


1,960 


1,976 


1.970 


1,956 


1,954 


1,970 


1.972 


1,934 


1,928 



Number of 8kot. 



13. 
14. 

ir>. 

16. 
17, 
18. 
19. 
20. 



No. 1 in. 


No. 2 in- 


Btmment. 


Btninient. 


1,998 


1,994 


1.946 


1.958 


1,952 


1,940 


1,970 


1.972 


1,974 


1.968 


1,960 


1,966 


1. 952 


1.948 , 


1,982 


1,978 



Mean 1, 966. 7 

Mean of two instrunieuts . 



1.965.1 
1.965.9 



Haromel«r. 30".26 : thermometer, dry, 43°, wet, 43°. 

4. After exposure for twenty-four hours to a temperature of 20^ F. 



Number of shot. 



I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12- 



No. 1 in- 
Htrument. 



1,960 
1.966 
1,9*25 
1,958 
1,962 
1,938 
1,966 
1,942 
1,958 
1,954 
1,966 
1,956 



No. 2 in- 
Rtrument. 



1,962 
1,964 
1,921 
1,958 
1,956 
1,940 
1,966 
1,946 
1,954 
1,950 
1,968 
1,952 



Number of shot. 



13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



Mean 



No. 1 in- 


No. 2 in- 


strument. 


strument 


1,966 


1.956 


1,942 


1,942 


1,923 


1,920 


1,964 


1,966 


1,972 


1,974 


1,938 


1,942 


1,926 


1,923 


1,966 


1,968 



1.061.9 



Mean of two inntniuents. 



1.961.4 
1,961.7 



Barometer, 30". 49; thermometer, dry, 44°, wet, 40o. 

5, After twenty-four hours' exposure to a temperature of 3(P F. 



Nunil>er of shot. 



1. 

o 

^ . 

3. 
4. 
5. 
6. 

8. 

9. 
10. 
11. 
12. 



No. 1 in- 
strument. 



1,938 
1,994 
1,940 
1,958 
1,960 
1,946 
1.942 
1,928 
1,974 
1,972 
1,992 
1.984 



No. 2 in- 
strument. 

1,934 
1.990 
1,942 
1.958 
1,9.'>6 
1,946 
1,936 
1.928 
1,970 
1.968 
1,090 
Lost. 



Number of shot. 



No. 1 in- 
strument. 



No. 2 in- 
strument. 



13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



I 



1,962 
1.956 
1,930 
1.978 
1.982 
1,036 
1,021 
1.988 



Mean i 1,064.8 

Mean of two instruments. 




Barometer, 30" .68; thermometer, dry, 48°, wet. 44°. 

6. After twenty-four hours' exposure to a temperature of 40^ F, 

Number of Hhot. \^>;oJ^- ^^^^J-^ ^'-^- o^ -hot. | ^^-^^^ ^^^^^i 



1 1, 

2 1. 

:i... 1. 

4 1. 

:> 1. 

6 1. 

7 L 

8 1. 

9 1 

10 1. 

11 1. 

12 I, 



942 
078 
9.'>6 
938 
076 
936 
ost. 
042 

yo«» 

930 
022 
052 



1.940 
1,974 
1.0.'i2 
1.938 
1, 972 
1,932 
1.9.'>4 
1.942 
1.950 
1, 9,(4 
1.918 

1 , 9r»o 



13. 

14 

15 

16. 

17. 

18. 

19. 

20. 



Mean 



No. 1 in- 


No 


2in- 


strument. 


strument. 


1.887 




1.888 


1,962 




1.962 


1.942 




1.948 


2.002 




2.000 


1.900 




1.808 


1.992 




1.000 


1,960 




1.956 


1,9:{6 




1.032 


1,948.4 
iHtrunients. 




1.048.2 
.1.047.8 







Barometer, 30".43: thermometer, dry. 63°, wet, 58=>. 
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7, After tweuty-foar hoara' ezposare to a temperatare of 60^ F. 



Nombwrfthot. 


No. 1 In- 

■Erumsnt. 










«::::::::;:;::;;::- 


I,M0 




































' 



-IB; tbenoomeUr, di7. £8°.wsl.e6°. 

8. Aft€>r tweuty-four hoars' exposure to a temperature of 60° F. 



9. After twenty 



iirometer. 30"-30i thciIDlniMter. dt;. W-^, wet, W. 

■foar hours' exposure to a temperature of 70° F. 



Kanilwr of sbot. 


■SimJo;, 


-mlm.-" 




.VJ» 

.m 

'.m 

.«os 

i.we 





















































UraoafiWDln* 



.dry. reowst,*?^. 

10. After twenty-four hours' exposure to a tempenitiire. of 80o F. 

I (to.ifn. , 



Komlwr of ihot. 



BM 



Unmlw 





1,988 

2,00ll 










i.m 

3.002 
l.»3« 












^ 


l.BTO 


Mbu. 


l.KS.! 


I.MI.J 



Buometer, 90" .0 
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, After twenty-fonr houra' exposure to a temperature of 90° F. 



2,014 i012 



SiZl. 


"""■*■ 


2.001 
1.M2 
I.MS 
l.BK! 

lisss 

I.MW 


LMX 1 

lias* 

I.Mt 


i.wa: 


i.»o-8 

t. 883.2 



VJ. After tweoty-four hoars' exposure to a ietnperafure of 100^ F. 



Jiumber of Bhot. ■ j: 



l!»M I 






Barometar. W.W; thenoOBietof, dry, M"; wex. 33°. 

, After twenty-four hours' exposure to a tennwiatiire of llO^ F. 



■UDbmorihot. 


iW2 

'.vn 

2,002 


Ko. 2 in. 




i.ssa 
lis:* 


















U™ otimi 


i.tm 


1.0M.> 
1.WS.B 



B«rDIllPl«.30'.«: lhennomi.(iT,rlrj-,3l «,M 30=. 

. After tweuty-fonr hours' exposure to a temperature of 120° F. 



;.....; 


fahot. 


N0.1.D 

2:024 

i 

5S 


No,2in- 




2,020 

2.014 
2.028 
















■ftirVi 




2.014.V 


2.013.4 
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SECOND SERIES OF TESTS. 

With the view of obtaining a check upon the accuracy of loading of 
cartridges heretofore used, it was thought desirable in repeating the 
tests with descending temperatures, to include cartridges from another 
lot of Du Pont powder. They were hand-loaded from lot No. 4 which 
required 38 grains. The large extreme variations in individual veloci- 
ties were again apparent, and, as stated before, it is thought that these 
variations are due largely to inaccuracies in loading, and that in a 
repetition of the experiment better results could be obtained by weigh- 
ing the charges on standard scales. The variations are not greater^ 
however, than those given by machine-loaded cartridges. 

1. Untreated cartridges, fired for standard Du Pont No. 4. 



Number of shot. 



No. 1 in- 
struineDt. 



No. 2 in- 
strument. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 



,026 
,974 
,064 
,034 
,948 
,023 
,026 
,046 
,038 
,042 
,068 
,058 



1,923 
1.072 
1.060 
1.030 
1,052 
1,020 
1.023 
1,048 
1,038 
1,040 
1.054 
1,060 



Number of Hbot. 



13. 
14. 
15. 
16. 
17. 
18. 
10. 
20. 



No. 1 in- 


strument 


1,052 


1,038 


1,042 


1,050 


1,078 


1,044 


1.042 


1,046 



No. 2 in- 
strument. 



1.048 
1,042 
1.038 
1,048 
1,074 
1,042 
1,946 
1,048 



Mean 1,046.4 

Mean of two instmments. 



1,045.3 
1,045.8 



Barometer, 30".37; thermometer, dry, 28°. 

2. After twenty-four hours' exposure to a temperature of 



120O F. 



Number of shot. 



1. 
2. 
3. 
4. 

5. 
$. 

7. 

8. 

0. 

10. 



Mean 

Mean of two instruments. 



DuPontNo.l. 



No. 1 in- 
strument. 



2,006 
2.012 
2.014 
2.022 
2,018 
2.030 
2,022 
2.022 
2,026 
2,006 



2, 017. 8 



No. 2 in- 
strument. 



2,002 
2.008 
2,028 
2,018 
2,014 
2,084 
2.022 
2,020 
2,026 
2,004 



2, 017. 6 
2,017.7 



Du Pont No. 4. 



No. 1 in- 
strument. 



2,026 
2,010 
2,024 
2.042 
2.012 
2,018 
2.022 
2,026 
2,026 
2,018 



2,022.4 



Na 2 in- 
strument. 



2,026 
2.012 
2.024 
2.042 
2.006 
2«014 
2,020 
2,026 
2,024 
2,014 



2,021.0 
2,021.7 



Barometer, 30".37, thermometer, dry, 2SP. 

3. After twenty-four hours' exposure to a temperature of llQo F. 



Number of shot. 



1. 
2. 
I. 

4. 
5. 
6. 
7. 
8. 
0. 
10. 



Mean 

Mean of two instruments. 



Du Pont No. 1. 



No. 1 in- 
strument. 



2,022 
2,018 
1,976 
1,076 
1,008 
1,998 
1,086 
1,006 
1.098 
2,U02 



1,007.0 



No. 2 in. 
stmment. 



2,022 
2,018 
1,076 
1,072 
2,002 
1,002 
1,082 
1,000 
1,904 
2,002 



1, 095. 
1,096.0 



Du Pont No. 4. 



No. 1 in- 
strument. 



1,900 
1,980 
1,998 
2,010 
2,010 
2,014 
1,904 
2,022 
1,086 
2,010 



2, 001. 4 



No. 2 in- 
strument. 



1,000 
1,082 
1,004 
2,014 
2,006 
2,010 
1,000 
2.014 
1,982 
2.006 



1,008.8 
2,000.1 



Barometer, 30''.30; thermometer, dry, 40°, wet. 35<>. 
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4. After twenty-four hours' exposure to a temperature of lOO^ p. 



I 



Number of shot. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 



Mean 

Meau of twoinstmments. 



Da Pont No. 1. 



No. 1 in- 
strument. 



2,008 
1.996 
1.998 
2,002 
1.976 
1,998 
1,984 
1.996 
1.978 
1.984 



No. 2 in- 
strument. 



2,004 
1,990 
1,994 
2,000 
1,976 
1,996 

X, Vo4 
1.996 
1.982 
1.982 



Da Pont No. 4. 



No. 1 in- 
strnment. 



2.010 
1,986 
2,014 
1,902 
1,982 
li 004 
1,980 
1,990 
2.002 
1,980 



1,992.0 



1,990.4 i 
1,091.2 I 



1.993.0 



No. 2 in- 
strument. 



2,006 
1,986 
2,012 
1,988 
1,980 
1,094 
1,984 
1,904 
2,002 
1.976 



1,992.2 
1,092.6 



Barometer, 30".20 ; thermometer, dry. 47°, wet, 43°. 

5. After twenty-four hours' ex],>osure to a temi)erature of 90° F. 



Number «)f Hbot. 



1. 
2. 
3. 
4. 

» 

o. 
6. 
7. 
8. 
9. 
10. 



Mean 

Mean of two instruments. 



Du Pont No. 1. 



No. 1 in- 
strument. 



No. 2 in- 
strument. 



1,982 
2,000 
1,990 
1,982 
1,982 
1,998 
1,902 
1,972 
1,990 
2,000 



1,086 
2,000 
1,988 
1,982 
1,980 
1,996 
1,994 
1,976 
1,990 
2,000 



Du Pout No. 4. 



No. 1 in- 
strument. 



2,002 
2,000 
1,956 
1.054 
2,006 
1, 000 

1,052 
1,078 
1,964 
2,006 



No. 2 in- 
strument. 



2,002 
2,004 
1,062 
1,054 
2,006 
2,000 
1,048 
1,072 
1,076 
2,006 



1,988.8 



1,989.2 
1,989.0 



1,983.4 



1,968.2 
1,068.8 



Barometer, 30".15; thermometer, dry, 50*, wet, 47®. 

$. After twenty- four hours' exposure to a temperature of 80^ p. 



1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 



Number of Hhot. 



Mean 

M«»an of two instruments. 



Du Pont No. 1. 



No. 1 in- 


No. 2 in- 


strument. 


strument. 


1.948 


1.944 


1,966 


1.962 


1,962 


1,956 


1,966 


1,962 


1.970 


1.966 


1.968 


1,964 


1,970 


1,966 


1.984 


1.982 


1,980 


1,C76 


1, 962 


1.956 



1, 967. « 



1,963.4 
1.965.5 



Dn Pont No. 4. 



No. 1 in- 
strnment. 



1,956 
1,068 
1,054 
1, 066 
1.080 
1,064 
1,062 
1,966 
1,958 
1,956 



1,963.0 



No. 2 in. 
strnment. 



Barometer, 30'M5; thermometer, dry, 57®, wet, 639, 



1,960 
1,064 
1,052 
1«064 
1,074 
1,060 
1,068 
1,062 
1,054 
1,056 



1,000.4 
1,061.7 
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t 

7. After twenty-four hours' exposure to a temperature of 70^ F. 



1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
0. 
10. 



Number of shot. 



Mean 

Mean of two inatrumeuts- 



Du Pont No. 1. 



Ko. 1 in- 
stmment. 



Ko. 2 in- 
strument. 



.970 
,»48 
,984 
.974 
,966 
,984 
,968 
,950 
,968 
,952 



1,972 
1.946 
1,936 
1,970 
1,956 
1,984 
1.964 
1,946 
1,964 
1,958 



1,960.4 



1, 959. 6 
1,960.0 



Du Pont No. 4. 



No. 1 in- 
strument. 



1,962 
1,956 
1,956 
1,984 
1,972 
1,944 
1.970 
2,000 
1,964 
1,948 



1,964.6 



No. 2 in. 
strument. 



1.956 
1,962 
1,960 
1,982 
1,968 
1.942 
1,966 
1,998 
1,960 
1,950 



1.962.4 
1,963.5 



Barometer, 30".20; thermometer, dry, 13°, wet. 429. 

8. After twenty-four hours' exposure to a temi>erature of 60^ F. 



Number of shot. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 



Du Pont No. 1. 



Du Pont No. 4. 



No. 1 in- 
strument. 



1,958 
1,964 
1,9U 
1,978 
1,960 
1.976 
1,950 
1,966 
1,978 
1,926 



No. 2 in- 
strunient 



No. 1 in- 
strument. 



No. 2 in- 
strument. 



1,956 
1,962 
1,940 
1,978 
1,956 
1,980 
1,954 
1,970 
1,978 
1,926 



Mean 

Mean of two instruments. 



1,960.0 



1,960.0 
1,960.0 



1,960 
1,948 
1,921 
1,938 
1,944 
1,942 
1.974 
1,946 
1,988 
1,942 



1,945.3 



1,956 
1,946 
1,923 
1,942 
1,940 
1,940 
1,970 
1,948 
1,984 
1,984 



1,943.3 
1,944.8 



'Barometer, 29''.79; thermometer, dry, 49^^, wet, 44o. 

S. After twenty-four hours' exposure to a temperature of 50^ F. 



Du Pont No. I. 



Number of shot. 



1. 
2. 
3. 
4 

5. 
6. 
7. 
8. 
9. 
10. 



Mean 

Mean of two instruments. 



No. 1 in- 
strument. 



1,940 
1,934 
1,926 
1,946 
1,914 
1,916 
1,942 
1,925 
1,946 
1,954 



1, 934. 3 



No. 2 in- 
strument. 



1,936 
1,930 
1.923 
1.942 
1,910 
1,912 
1,936 
1,922 
1,942 
1,950 



1, 930. :{ 
1,932.8 



Du Pont No. 4. 



No.lin- I No. 2 in. 
stnunent. , strument. 



1,954 
1,923 
1,948 
1.925 
1,938 
1,925 
1.942 
1,946 
1,954 
1.938 



1.952 
1.918 
1.944 
1,923 
1,934 
1,920 
1,942 
1,942 
1.950 
1,942 



1,939.3 



1.936.7 
1,938.0 



Barometer, 29".86; thermometer, dry, 53o, wet, 4fi9. 



136 APPENDIX 11. 

10. After twenty-foar hours' exposure to a temperature of 40° F. 



No. 1 In- I No. 2 in- I Nu- 



1.M4 
l.«H 



0,2 l.83S.3| 



BiirameMr, 3U".li); tbermapieler. dry. t8°, wat, U°. 

11. After twenty-four honrs' exposure to a, temperature of 30° F. 





DuPontNo.1. 


Dn Pont Nd. 4. 


^"'"'"""■"""^ 


So. lin- No. a In- 


KO-IlD- 

■trtuneDt. 


■No.iln- 
Btrnmfml. 




1:S j \:Z 

1,>05 1 l.HS 

IS 1 IS 

1.W5 I.tW 

1,813 1 \,m 


lluB 
l.llU 


i!we 

1,910 
I, Ml 

i.eu 

1,M« 






















l.BM.» 1 l.BM.e 


l.ltlB,! 


i,wr4 











r, dty. »o, wrt. «o. . 

12. After twenty-lour hours' exposure to a temperature of 20° F. 



Nnnlwrofrtiot, 


DnPootJJo. 1- 


I>B Pom So. 4. 1 


Ku, 1 lu- , Nd. 2 in- 


Ho-lln- 


Ho-llD- 




l.HS 1 1,046 


1.81Z 


l.KU 

,ftie 

1,90s 

,03a 

;w7 






















1.M1.4, l.WB.! 


i.n&i 


tSf! 






1 '■'^* 





BsnnuMcr, W'.T? i thtrawBtlcT, di;, W, WM, M 
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13. After tweuty-four boars' exposure to a temperature of 10^ F. 



Number of shot. 



1. 
2. 
3. 



6. 
7. 
8. 
9. 
10. 



Mean 

Mean of two instriiDieiits. 



Du Pont No. 1. 


No. 1 in- 


No. 2 iu- 


strament. 


gtrnment 


1,885 


1.886 


1,910 


1,908 


1,900 


1,896 


1,974 


1,972 


1,990 


1,992 


1,992 


1.992 


1.952 


1,952 


1,946 


1,944 


1,92S 


i 1,923 


1,960 


1,962 



Du Pont No. 4. 



1.943.4 



1,942.7 
1,943.0 



No. 1 in- 


No. 2 in- 


strument. 


strument. 


1,855 


1,851 


1,885 


1,888 


1,910 


1,912 


1,921 


1.921 


1,890 


1,894 


1,868 


1,870 


1.890 


1,894 


1,918 


1,916 


1.938 


1. 9?.8 


1,906 


1,910 



1.898.1 



1,899.4 
1.898.7 



1 



Barometer, 30". 10: theriuonieter. dry, 48°. wet. 42°. 

14. After tweuty-four hours' exposure to a temperature of 0^ F. 



Du Pont No. 1. 



Number of shot. 



2. 
3. 



4. 
5. 
6. 
7. 

8. 

9. 

10. 



Mean 

Mean of two instruments. 



Du Pont No. 4. 



No. 1 in- 
strument. 



,898 
,905 
,942 
962 
.934 
,928 
.942 
.942 
,940 
.946 



No. 2 in. 
strnment. 



1.894 
1,901 
1.938 
1.95G 
1,932 
1,925 
1,940 
1,942 
1,936 
1,942 



No. 1 in- 
strument. 



1,886 
1.923 
1,870 
1.916 
1,916 
1.901 
1,906 
1.886 
1,905 
1.912 



No. 2 in- 
strument. 



1.885 
1.923 
1,866 
1.918 
1,912 
1.905 
1,901 
1,883 
1,905 
1.908 




Barometer, 29".98: thermometer, dry. 33<3, wet, 82°. 



ADDITIONAL DATA. 

The official correspoiideuce, originating with the request of the com- 
manding officer of the armory that the exi>eriment herein reported upon 
be made, shows a diversity of opinion as to the time required to pro- 
duce a giveu change of temperature in the powder in a loaded cartridge. 

As this subject is of considerable importance in view of the possible 
increase in pressure from smokeless i)owder — ^resulting from allowing 
a loaded cartridge to rest for several minutes in the chamber of a 
machine gun after rapid and continuous fire — it is referred to here in 
order to present some data which may be of interest to the Department. 

The commanding officer of the armory requested that, in order to pro- 
duce a change of 10° F. in temperature, the cartridges be exposed to 
air having the desired temperature for from two to three days. 

Indorsements from this arsenal expressed the opinion that an expo- 
sure of two hours would suffice, and recommended later an exposure of 
not more than eight hours. 

An exposure of twenty-four hours was prescribed for the tests. 

Under direction of the writer the tests described below were made 
by the chemist in the chemical laboratory at this arsenal. 
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SEPOBT ON GONDUGTIYITT OF POWDEB WHEN EXPOSED TO HEATED 

ENYIBONMENT. 

Three kinds of powder were used for this experiment, viz, Peyton, 
Laflin & Eand's W.-A., and Dn Font's black powder. 

A tube of copper (0.025-iuch thickness of copperj 3 inches long and 
1^ inches interior diameter was filled with each or these powders in 
succession. When full the tube was corked, with cork pressing firmly 
on the powder, and a thermometer passed through the cork and embe<lded 
in the powder so as to be equidistant from the circumference and the 
bottom of the tube; or, in other words, a layer of powder five-eighths 
inch thick surrounded the bulb of the thermometer. The weight of 
powder in case was 782 grains, or about 20 service charges. 

The tube was then placed in a water oven regulated to a tem|>eraturo 
of 1290 to 1310 t^. 

Peyton and Laflin & Band W.-A. powders rose cmly 5.4° in the first 
ten minutes, but Du Pout's black powder rose 21.6^ in the same time, 
showing a much greater conductivity than the first two powders. lu 
the second period of ten minutes the Laflin & Band W.-A. showed the 
greatest gain in temperature, as it also did in the third period. From 
that time the three powders rose very equally and very slowly, gradually 
reaching the temperature of the oven, the rate of increase rapidly dimin- 
ishing as the powder apl)roached the temperature of its surroundings. 

The table accompanying this shows the increase in temperature of 
ea(*h powder, respectively, for each consecutive period of ten minutes. 
It also shows the rise in temperature of air in empty case. 

Tabu showing the ri$e of temperature in aucceeaive periods of ten miMutea for each kind of 

powdery 782 grains in oaae. 





Peyton, 1896, 
No. 16. 


Laflin & 
W.-A. 

Temper- 
ature. 


Kand 
Na6. 

Differ- 
ence. 


Dn Font's blaek 
powder. 


Empty caae for 
oomparlaon. 




Temper- . Differ- 

atnre. ence. 

1 


Temper- 
ature. 


Differ- 
•noe. 


Tamper- 
atnre. 


DilliBr- 
enoe. 


Tempentare at start 

Firsi ten minutes. 


OF. .0 F. 

86 

91.4 . 5.4 
100. 4 , 9 
111.2 10- fl 


op, 

75.2 
80.6 
96 

108.6 
114.8 
119.3 
122 
124.7 
126.6 
127.4 
128.3 
129.2 
129.2 


OF. 

"**6.*4' 
14.4 
18.6 
6.3 
4.5 
2.7 
2.7 
0.9 
1.8 
0.9 
0.9 


op, 

78.4 

96 
104 
118 
11&4 
123.8 
126.6 
127.4 
129. S 
181 


OF. 

"'2L6* 
9 
9 
6.4 

6.4 
L8 
L8 
L8 
L8 


OF. 
80.6 
105.7 
123.8 

ir.4 

130.5 


OF. 
'" 251 


Suoond ten minutes 

Third ten minutes 


18.1 
S.6 


Fourth ten minutes 

ITifth ten minutes 


118.4 

123.8 

126.6 

128.3 

129.7 

131 

131 

132.8 


7.2 
6.4 
2.7 
1.8 
1.4 
1.3 

"'i.'s' 


S.1 


Sixth ten minutes 






Seventh ten min utes 






Kighth ten minutes 

^iuth ten minutes 








Tenth ton minutes 






Eleventh ten minutes 






•••.....• 




T wellth ten minutes 



























Total 
time. 



T^ylalin. 
in 



temper- 
atuie. 






Hr.Min. 

Povtons, 1896, No. 15 powder 1 50 

Laflin &. Rand's W.- .4. No. 6 powder I 8 00 

l>u Pont'8 l)lack powder 1 80 

Km pty ciwe for (rompar Uou ' 40 



OF. 
46.8 
54 

57.6 
48.9 



W. J. Williams, OkMiiil. 
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The metallic parts of the service .30-caliber cartridge have a higher 
conductivity for heat than has the powder charge, and in the cartridge 
the ratio of metallic surface in contact with the powder to volume of 
charge is much greater than in the experimental copper tube. The 
volume of powder in tube was twenty times the volume in charge. 

These facts support the conclusion that the temperature in powder 
charge of a loaded cartridge will rise at least as rapidly as it did in the 
volume of powder contained in copper tube. 

The longest time consumed in raising the temperature of powder in 
tube was two hours, and the actual rise of temperature during that 
time was 54^ F. The rate of increase in temperature is of course a 
ftinction of the difference in temperatures of powder and chamber. 
The times required to raise the temperatures through the last 10°, in 
bringing them to temperature of chamber, were about as follows: Pey- 
ton, 1 hour; Laflin & Eand W.-A., 1 hour 10 minutes; Du Pont black, 
40 minutes ; air, 20 minutes. 

The following data obtained during progress of this investigation 
corroborate above results : 

After the cartridges had been kept for twenty-two hours at 10^ F., 
second series of tests, 10 extra cartridges from the lot of cartridges 
loaded with Du Pont powder, lot No. 4, and used in regular tests, were 
placed in the temperature chamber. At this time these extra cartridges 
had a temperature of about 70^, due to their having been kept for more 
than a week in a room of that average temperature. 

When the tiring for velocity took place that day two hours later 
these extra cartridges were fired also, with the following results: 

Mean velocity after twenty-four hours' exposure 1, 898. 7 

Mean velocity after two hours' exposure 1, 899. 

The same thing was done the next day while working on 0^ tempeTA- 
ture, with following results : 

Mean velocity, lot No. 4 cartridges, after twenty- four hours' exposure 1, 901. 3 

Mean velocity, lot No. 4 cartridges, after two hours' exposure 1, 901. 9 

The extremely close concordance was accidental, since the tests as a 
whole do not show such uniformity in velocities. 

It indicates, however, that nothing was gained by the twenty-two 
hours' extra exposure except the certainty that an exposure for twenty- 
four hours is sufficient. 

The apparatus now on hand and the experience gained during this 
investigation will make it a comparatively easy matter to do similar 
work in the future. It can now be stated that, in seeking the effect on 
velocity of any given temperature between the limits of 0^ and 120^ F., 
it will not be necessary to make the work continuous. 

If cartridges are brought to, say, 90° and fired, they can be permitted 
to cool during the night and then be brought the next day to 100^ and 
fired with results as reliable as though they had been kept between the 
limits of 90° and 100^ during the idle interval. If this were not the 
case, the conditions of experiments would not correspond to service con- 
ditions where the temperature of a cartridge is liable to rise and fall 
many times before the time of firing. 

Upon completion of second series of tests, surplus cartridges from 
powder lots 1 and 4, which had passed successively through all the 
temperatures from 70^ (temperature of room) up to 120° — the starting 
point — and then down to 0°, were allowed to come back to temj)erature 
of room. 
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Ten from each lot were then fired for velocity, with following results: 

Lot No. 1 1,961.9 

Lot No. 4 1,968.4 

Mean 1,965.1 

The means of the mean velocities obtained from lot 1 and lot 4 car- 
tridges, second series of tests, for temperatures of 60° and 70^ were 
1,952 and 1,962 resi>ectively. 

The above mean, 1,965.1, is close enough to these results to warrant 
the above statement that the effect of temperature (0° to — 120^) on 
velocity is temporary only. 

SUMMARY OF DATA. 

If we neglect decimals and take a mean of the 20 shots fired daily 
during the second series of tests, we can condense the observed data 
into the following table: 

Table showing mean initial velocities obtained from ,SO-oaliber ammunition which had^ 

when fired f the temperatures given. 



Tempera- 
tures. 



Initial velocity. Mean of 20 i 
stiotB. 



1. 



OF. 

Untreated. 



10 

20 

30 

40 

50 

- «0 

70 

80 

90 

100 

no 

120 



Temperature 


Temperatare 


changed, by 10<^ 


changed, by 10^ 


increments. 


deci'ementB, 


from 0° to 


from 120O to 


120° F. 


OOF. 


2. 


3. 


Feet per $ee. 


Feet per $ee. 


1,955 


1.950 


1.931 


1,918 


1,966 


1,921 


1,962 


1.033 


1,952 


1,923 


1,947 


1.945 


1,948 


1,986 


1.949) 


! 1, 952) 


l,974h,965 


1 1,962^,959 


1,972) 


I 1,964) 


1,983 


1,986 


1.991 


1,992 


1.996 


1.998 


2,014 


2,020 

1 



Means of 

velocities in 

columns 2 

and 8. 



4. 



Ft^tperwee 
1.952 
1,025 
1,044 
1,043 
1.088 
1,046 
1,042 
1,951) 
1,966^1, 
1.068) 
1.085 
1,902 
1,007 
2,017 



As was to be expected, the above table shows inconsistenoies, and it 
is evident that the individual mean results are influenced by causes 
other than changes in temperature. 

There is, however, a marked tendency of velocity to rise and fall with 
the temperature. Since the mean t'Cmperatures of the loading room 
and of the i)roof house may be assumed as about 70° F. from October to 
May, inclusive, it is thought that the mean velocities given opposite 
brackets in the above table form satisfactory standards with which to 
compare the other mean velocities in order to ascertain, roughly^ the 
variations in velocity due to changes in temperature. 
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The following table shows the data obtained in this way: 



Tempera- 
tures. 


Changes in initial velocity. 


First series ^^^^^ 

of tests. 1 *®"5?,®* 
tests. 


Mean. 


OF. 



10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 


—34 

+ 1 
-13 
—13 
—18 
—17 
—16 
+ 9 
+ 7 
+18 
+26 
+ 31 
+49 


—41 
-37 
—26 
—36 
—14 
—23 
- 7 
+ 3 
+ 5 
+27 
+33 
+39 
+61 


—37.5 
—18.0 
—19.5 
-24.5 
16.0 
—20.0 
—11.5 
+ 6.0 
+ 6.0 
+22.5 
+29.5 
+ 35.0 
+55.0 



PI. II (Enc. 39) shows a graphical adjasttueut of the mean data 
given in above table. 

The records of tests of contract powders at this arsenal daring the 
past two years famish data of great vahie for constructing the mean 
curve shown on this plate. From this source it is found that the mean 
increase of velocity under '^ heat- test cartridges" for all the lots of 
Peyton and Du PontPeyton powders tested is 65 feet per second, and 
the mean loss under '' cold-test cartridges" is 40 feet per second. These 
results correspond to the temperatures +130o F. and — 40° F., respec- 
tively. They are accepted for extremities of the mean curve, PI. II, 
which is made to conform in other respects as nearly as practicable to 
the mean data given above. 

From this mean curve the following table has been constructed : 

Table Bhawing changes in initial velocity of ,SO-oaliher ammunition corresponding to ten^ 

peratures between — 4(P and -\-13(P F, 



Tempera- 


Chanee in 
initial 


Tempera- 


Change in 
initial 


tures. 


velocity. 


tures. 


1 velocity. 


OF. 


Feet per see. 


OF. 


Feet per gee. 


130 


+65 


40 


-20 


120 


+53 


30 


—23 


110 


+42 


20 


—27 


100 


+ 31 


10 


—30 


90 


+20 





-34 


80 


+ 10 


—10 


1 -37 


70 


Standaril . 


—20 


1 —41 


60 


— 8 


30 


-44 


50 


-15 


—40 


-48 



Kbmabk. — The initial velocity stamped on original package of ammunition with dates from October 
to May inclusive should be assumed as corresponding to a temperature of 70° F., and from June to 
September inclusive, to 85° F. 

Respectfully, B. W. Dunn, 

First Lieutenant^ Ordnance Department^ U. JS, A. 

The Commanding Officer, Frankfobd Arsbnal., Pa. 

Approved and respectfully forwarded to the Chief of Ordnance, 
United States Army, in connection with 12th indorsement, O. O. file No. 
12185— Enc. 30, dated December 16, 1896. 

J. P. Farley, 
Lieutenant' Colonel J Ordnance Department^ U. 8. -A., Commanding, 
(12185— Enc. 37) 
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DEVIATION OF SMALL- ABM PROJECTILES DUE TO ARTIFICIAL WIND 
PRESSURE^EXPEBIMENTS AT THE FRANKFOBD ARSENAL, PA. 

(5 plates. ) 

FRANKFOBD ARSENAL, 

Philadelphia, Pa., April 11, 1896. 

Sir: I have the honor to submit the following partial report on 
experiments made to determine the pendulum deviations of .30 and 
.45 caliber bullets. 

The apparatus for measuring deflections was constructed almost 
exactly as suggested by the Chief of Ordnance in his letter to the 
commanding officer, Frankford Arsenal, dated February 20, 1896. 

description of apparatus. 

The only source of wind artificially produced at this arsenal is the 
fan which supplies the blacksmith forge. This fan is 28 inches in diam- 
eter and has a normal speed of 1,855 revolutions per minute. A 6-inch 
main pipe, laid horizontally under floor of blacksmith shop, conducts 
the blast. 

Connection with this main was made by means of the curved tin 
pipe g, fig. 1, PI. I^ which is joined to wooden tube e, by tunnel f. 
The diameter of this wooden tube, 19.9 inches, permits the placing of 
anemometer inside the tube, as shown in figs. 1 and 5. 

Platinum wire, annealed and less than 0.002 inch in diameter, was 
used to suspend bullets. The scale used in measuring deflections is 
shown in fig. 4. The vertical rod carrying point of suspension was 
steadied by four guys (not shown in drawing) passing from top of rod 
to the ends and sides of tube. The adjustment afforded by guys enabled 
the operator to make the vertical through point of saspension coincide 
with center of slot and zero of deflection scale. The slot in top of 
tube, fig. 4, is 0.05 inch wide and bordered by carefully smoothed and 
polished metal edges. The friction of wire on edges is inappreciable. 
The wire tends to staud free of contact with edges, and is brought into 
contact with tlieni only by lateral vibrations. 

In measuring velocity of wind with full opening, 19.9 inches, readings 
were taken with the anemometer in the two positions a and a*, fig. 1. 
The ordinary anemometer furnished by signal department was used. It 
rings an electric tap bell for each tenth of mile. The time between taps 
was taken with a stop watch reading to (juarter seconds. The mean 
of ten times so taken and reduced to miles per hour constituted one 
observation for wind velocity. 

To increase wind velocity, a series of tin funnels, figs. 2 and 3, their 
larger ends fitting snugly in wooden tubes, were used. The diameters 
of smaller ends were 11.88, 9.52, 8.16, 7.02, and 6.04 inches, respectively. 
There was no appreciable escape of air between larger ends of funnels 
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aud surface of wooden tabe. The relative positions of deflected bullet 
and eud of funnel are shown by fig. 2, 

Since the radii of contracted outlets were less than length of ane- 
mometer arm, this itistniment could not be used under normal conditions 
to measure the higher wind velocities. Readings were taken, however, 
with funnels and anemometer in relative positions shown by iigs. 3 and 
6, the mouth of iuitnel being brought as close as practicable to revolving 
cups, aud the center of cup opposite center of ftinnel when cup arm 
was perpendicular to direction of wind. 

In calculating higher velocities it was assumed that a constant vol- 
ume of air passed per unit of time and that the wind velocities were 
inversely proportional to squares of diameters of openings. 

Sliding pieces, h and h', tigs. 1 and 4, served to close slot in top of 
tube. No appreciable amount of air escaped through this slot. 

The measurements of deflections obtained were the tangents of the 
angles of deflection for a radius of 109.13 inches. 

The bullets did not, under action of blasts, take up new positions 
and remain there. They were kept almost constantly in motion, tend- 
ing to vibrate in all directions, but principally backward and forward 
in direction of wind velocity. By carefully watching the wire and 
deflection scale for several minutes and noting the different ])osition8 
on scale when wire tended for a short time to stand steady, the mean 
deflections and limits hereinafter given were obtained. 

For example, with .45 caliber bullet and full opening of wooden tube 
it was noted that the wire seemed to vibrate, for short intervals of time, 
to equal distances on each side of the following divisions on scale 
(sixteenths of an inch from zero): 3, 3, 3, 3^, 4, 3, 5, 5, 4, 3, 3, 



Mean = 



3" .59 
16 



= 0" .22. Maximum = 0" .31. Minimum = 0" .19. 



Substituting the .30-oaliber for .45-caliber bullet, the corresponding 
data were: 6, 5, 5, 6, 5, 5, 6, 7, 7, 7, 6, 8, 7, 6, 6. 



Mean = 



'.13 



= 0" .38. Maximum = 0" .50. Minimum = 0" .31. 



The mean deflections were thus measured at different times aud on 
different days, and in the table of condensed data hereafter submitted 
the mean of all mean deflections measured is given as the most probable 
deflection. 



Wind v«l 


„i,,a. 


.,™il.«perbouf. 


s 


S ,--lilw 




so^ub. 


intlta 




iz 


1- 


11. 

1 


n. 

P 


'If 
III 


M«o 


Si| i 


Mbui 

of d«a 


J 

i 






4 

r 


i 


1 




1 


1 


1- 


2- 


1. 


s. 


t. 


7. 


s. 


a. 


10. 


11. 


la. 


ItuAii 


zr. 


... 


12: Ul 

22.09 
2B,SB 


luilB 

27. M 
87. M 




/BrtM 


Hi 


Ineht, 

l!lHl 

Its 

7.M 


Inelua 

litg 

3.W 


».i6 


IncJuM. 

iS 

3.TS 
t.il 






11. I« 1.M 
£2.30 < list 





























EPPBCT OP WIND ON SMALL-ARM PROJECTILEB. 
Table I — Coutinaed. 







Mttli. 


.30 cali- 


.45 Mil- 


.SO Mil- 




^'^ 






bar. 


ber. 


bar. 


l«r. 




























1- 


1 


jj 


S'3 










1^ 


II 


11 


11 


Umd AtHtf. 


Mian d«IIi>D- 


1 


1 


K 


1-3 


II 


111 


"""-w"""- 


t.».j.»«^- 




1 
1 


II 


Jl 


si 
II 








II 


^S 


"'f 






1 


1 


:l 


V 








5 


3 

1 


|i;4 


^ 


^1 






H 


S 


s 


s 


13. 


u. 


IS. 


in. 1 IT. 18. 


IS. 


». 






g^J^ 


. ^ 


Croini. flrolH* 










™.ol' 


o'U 




ess 






» sslw 


1) *t K-Vi 




a. 00 


4135 






lisBW 




I 21 :(.40 
















1 It a.«n 


IsiiS 






g!-a 


u.m 




s 32 ssioa 


a ae 7,70 


za.80 


is: 86 


».78 


13, K! 


0,07 


ilsisa 






U.3T 


2f.W 


u.a 


n.H 


o.» 




Mam=u.(l7 


Meim=l.Bm 

1 








Jij 
































i;i 
















ss 


Jlj 














i^ 


1;1 
S3 
































a'a 














-5'^ 


S % 












1 


II 
1 


1 










21. 


22. 


». 






rard.. 














0.433 


0.0128 














0.438 


o.«o« 












iiw 


0.141 

oisui 
O.B2f 


0.BSJ5 
0.T1W9 

oiaoBa 




























1.000 


olftsa 


O.UW 












0.8906 








' 




■ 


_J 









REUABK8 OH TABLE I. 

Table I (Enc. 2) shows in condensed form the experimental data 
referring to service ballets, .45 and .30 caliber, and also some catcala- 
tioiis based on this data. 

(fl) The anemometer placed at a, PL I, fig. 1, registers 2.75 miles per 
hour (column 2). This is a mean of nine measnremeDta taken on dif- 
ferent days. These measuremeuts were 2.89, 2.76, 2,62, 2.63, 2.66, 2.95, 
2.76, 2.74. 
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When placed at a^, same figure, the measarements were 3.23« 3.33, 
3.1(5, 3.05, 3.38, 3.68, 3.C0, 3.71, 3.47— mean =3.47 (column 3). 

Why the anemometer when placed at the mouth of tube should reg- 
ister higher than when placed inside must be explained before deciding 
which set of data is to be preferred. 

The following suggestions on this point are submitted: 

(1) The velocity of air in tube is a maximum at center of tube and 
decreases according to some unknown law to a minimum at the interior 
surface. The moment of air pressure producing revolution of cups is 
at a maximum when cup arm is perpendicular to axis of tube, and in 
this position the center of cup is in a region of relatively low velocity. 

(2) As the air leaves the mouth of tube it has an outwatd as well as 
a forward motion. 

This produces a change in direction of pressure during first quadrant 
of cup's revolution after leaving center of tube, and by consequent 
increase of lever arm increases moment of wind pressure. 

(3) The probable errors of anemometer readings are greater for small 
than for large velocities. 

( i) Since the bullet, in center of tube, is in the region of maximum 
velocity there would be no objection to taking the mean of these two 
records — 2.75 and 3.47 — for the most probable velocity given by the 
full opening of tube, were it not for the data given by column 6. 

These data (column G) (;ome from registrations of anemometer under 
conditions which should give velocities much higher than the tme 
velocities since the concave sides of cups only are subjected to i)re8- 
sure (PL I, figs 3 and C). The retarding pressure on convex sides, 
which is considered in calibrating the instrument and which is ordi- 
narily estimated as bearing a ratio of 1:2 to the accelerating pressure, 
is removed by the conditions imposed. 

(5) Assuming, then, that the values in column 6 are too high, it shakes 
confidence in values in columns 4 and 5 to find them, as a general thing, 
still higher. 

In presentin]Li- deflection curves as a function of wind velocity, no 
attempt is made to reconcile these contradictions. 

Curves are submitted (Pis. II, III, and IV) corresponding to each of 
the thiee sets of data for wind velocities. The ordinates for curves in 
each case are taken irom columns 7 and 10, and the abscissas from 4, 
5, and G, respectively. 

Notwithstanding the inaccuracies referred to, it is thought that these 
curves, in connection with calculated data in columns 16, 16, 17, and 18, 
show that the deflecting force of winds increases more rapidly than 
the first power of wind velocity. 

(/>) The data given in columns 7 to 14, inclusive, are sufficiently 
ex])laiued by the headings. Each mean deflection given is the mean of 
at least seventy observations. 

(c) The data in columns 15 to 18, inclusive, were calculated from the 
pniallelogram of forces, wind pressure being assumed as horizontal in 
direction and a(!ting at center of gravity of bullet. 

((I) The values in column 10 aiford a check on columns 7 and 10. The 
riitios in column 19 should be constant and apparently equal to the 
ratio of areas of longitudinal sections of .30 and .45 caliber bullets, 
which is about 0.(m. 

(€) The numbers in column 23 come from multiplying ratios in colanin 
2l* by the mean of ratios in colunm 20, and show the deviations of.the 
,30 caliber, for ranges given, in terms of deviation of .45 caliber ballet, 
taken as unity. These computations are based upon the assumptions 
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that wind pressure acts as a constant force and that the area presented 
for its action in each case is the area of longitudinal section of bullet. 

It is suggested that large errors are liable to result from these 
assumptions, especially the latter, since the bullet in flight maintains a 
volume of compressed air on front of and around its point, and the 
drifting of this volume, under the action of wind pressure, will mate- 
rially affect the deviation of bullet. The eftect of this volume of con- 
densed air upon deviation may be equivalent to that of increasing in 
some degree the area exposed to wind pressure. 

In that case, the expression for deviation in terms of time of flight 
and acceleration due to constant wind pressure should have a coef- 
ficient introduced, to be determined by experiment. 

If the above suggestion has any value, we should expect to see the 
coefficient vary with the range, since the volume and density of com- 
pressed air is a function of bullet's velocity. 

One interpretation of the letter of Chief of Ordnance, previously 
referred to, is that only the experimental data, and not a discussion of 
it, is desired by hiui. 

The calculated data in Table I, not called for in the letter, and the 
general remarks thereon are submitted simply as suggestions for con- 
sideration in connection with the experimental data. 

Lead cylinders, each 1 inch long and having diameters of 0.5, 0.45, 
0.40, 0.35, 0.30, 0.25, and 0.20 inch, respectively, have been prepared; 
but, before proceeding further with the experiments, iuformation is 
requested as to whether any changes in apparatus or programme should 
be made. 

EespectfuUy, B. W. Dunn, 

Lieutenant^ Ordnance Department^ U. 8. A. 

The Commanding Officer, Frankford Arsenal, Pa. 

Frankford Arsenal, 
Philadelphia^ Pa.^ April 13, 1S96. 

Approved and respectfully forwarded to the Chief of Ordnance, United 
States Army. 

J. P. Farley, 
Lieutenant' Colonel, Ordnance Department^ U, *S. A., Commanding. 

(13788— Enc. 1) 

II. 

Frankford Arsenal, 
Philadelphia, Pa,, June 18, 1896. 

Sir: I have the honor to submit the following report on "Wind 
pressures on lead cylinders of constant lengths aud varying diameters": 

In his letter of February 20, 1896, the Chief of Ordnance required 
data "in regard to the deviating force of wind pressure on bullets," 
and stated : 

* * * If you aro able to make the experiuieuts, include also some experiments 
on lead cylinders of equal lengths aud varying diameters, these cylinders to be 
square at the ends, say about 1 inch long, and of diameters ranging from 0.2 to 0.5 
inch. It has been iissumed that the deviating effect increases directly as the diame- 
ter increases, and the object of the experiment on cylinders is to determine if this 
assumption is true. 

On April 11, 1896, the writer submitted a partial report describing 
the experimental apparatus used, and giving the data obtained for .30 
and Ab caliber bullets. 
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The coDclading paragraph of this report stated: 

Lead cylinders, each 1 inch long and having diameters of 0.5, 0.45, 0.40, 0.35, 0.30, 
0.25, and 0.20 inch, respectively, have been prepared ; bnt, before proceeding further 
with the experiments, information is requested as to whether any changes in appa- 
ratus or programme should be made. 

j^o instructions were received, and, as your original instmctioua 
directed that the experiments outlined by the Chief of Ordnance be 
made and results reported from time to time, the apparatus, without 
modification, was used to obtain the data herein reported. 

The exact weights and dimensions of lead cylinders are given in fol- 
lowing table : 

Table II. 



' 






Weight of 


Weight. 


Lengths. 


Diameters. 


1 cubic 
inch (cal- 
culatud). 


Grains. 


Inches. 


Ineheg. 


O^aUis. 


531.5 


1.0048 


.4990 


2,593 


435.8 


1.0048 


.4503 


2,611 


347.2 


1.0018 


.4003 


2,754 


264.8 


1. 0016 


.3500 


2,748 


194.7 


1.0041 


.3004 


2,736 


133.7 


1.0030 


.2500 


2,716 


84.0 


1.0021 


.1990 


2,695 



These cylinders were machined from castings whose composition was 
supposed to be 16 parts of lead to 1 of tin, that of the •45-caliber bullet. 

If the castings had been perfectly sound and specific gravities of lead 
and tin normal, 1 cubic inch of composition would have weighed 2,834 
grains. 

These cylinders were suspended as simple pendulums, exactly a& 
described in previous report. 

Considering the object in view, viz, to determine whether wind pres- 
sure varies directly with diameters, exact measurement of wind veloc- 
ity is not important. It is necessary only to subject the different 
cylinders to the same blast. 

The strength of blast was varied by using the same funnels. 

The following table shows in columns 3 to 9 the mean measured 
deflections for the radius, 109.13 inches. The first value in column 2 is 
the mean velocity of wind as shown by anemometer placed at mouth 
of tube (a' fig. 1, PI. I, previous report). The succeeding values in 
this column are calculated from areas of outlets as previously described* 

Table III. 





Mean pendulum deflections. (Radius— 109.13 inches.) 


1. 


2. 


3. 


^' 


5. 
.40 cylin- 


6. 


7. 


8. 


»• ! 


Diameter 


Velocity 

of wind 

per hour. 


.60 cylin- 


.45 cylin- 


.35 «;y Un- 


.30 cylin- 


.25 cylin- 


.20 cylin- 


of outlet. 


der. 


der. 
Inches. 


der. 


der. 


der. 


der. 


der. 
Inches. 


Inches. 


Miles. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


19.90 


3.60 


0.155 


0.202 


0.235 


0.277 


0.317 


0.880 


0.432 


11.88 


10.11 


.692 


.882 


1.030 


1.145 


1.353 


1.785 


2.185 


9.52 


15. 74 . 


1.488 


1.615 


2.000 


2.263 


2.526 


3.167 


4.213 


8.1G 


21.43 


2.333 


2. COS 


2.963 


3.613 


4.063 


6.125 


6.688 


7.02 


28.95 


3.725 


4.140 


4.600 


5.235 


6.308 


7.770 


9.870 


6.04 


39.11 


6.163 


7.013 


7.860 


9.110 


10. 017 


13. 017 


(*) 

i 



* Deflection beyond limits of HC.ale. 
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Assuming that wind pressure (Wu) is a horizontal force applied at 
the center of gravity of cylinder, we have, from parallelogram of 
forces, a being the deflection angle and W the weight of cylinder, 



mean deflection 





1 


fv n — »* 


Table IV. 






Velocity 
of wina 
per hour. 


"Wind pressure. 


.50c3'linder. 


.45 cylinder. 


.40 cylinder. 
4. 


.35 cylinder. 


.30 cylinder. 


.25 cylinder. 


.20cylinder. 


1. 


O 


3. 


5. 

Grains. 
0. 6714 
2.7783 
5.4899 
8.5230 
12. 703 
22.105 


6. 

Grains. 
0. 5650 
2. 4130 
4.5049 
7.2480 
11. 253 
17. 870 


7. 


8. 


3. GO 
10.11 
15.74 
21.43 
28. 95 
39.11 


Grains. 

7549 

3. 3703 

7.2446 

11.3000 

18. 142 

30. 017 


Graiiis. 
0.8055 
3.5222 
6.4493 
10. 413 
16. 533 
28.007 


Grains. 
0. 7477 
3. 2770 
6.3630 
9. 4253 
14.635 
25.007 


Grains. 
0.4G56 
2.1869 
3.8806 
6. 2789 
9. 5194 

15.948 


Grains. 
0. 3325 
1. 6818 
3. 2425 
5. 0706 
7. 5972 





The data in Table IV are shown graphically by Plate V. The values 
of wind pressure for given velocities of wind are plotted as ordinates, 
the corresponding .abscissas being the diameters of cylinders. 

The resulting curves seem to justify the assumption that wind pres- 
sure increases directly with the diameters of cylinders. 
Very respectfully, 

B. W. Dunn, 
Lieutenant, Ordnance Department, V, 8, A. 

The Co:yiMANDiNO Officer, Frankford Arsenal, Pa. 

Frankford Arsenal, 
Philadelphia, Pa,, June 24, 189 (}. 

Approved, and respectfully forwarded to the Chief of Ordnance, 
United States Army, in connection with report on same subject for- 
warded April 13, 1896. 

J. P. Farley, 
Lieutenant-Colonel, Ordnance Department, U. S. A., Commanding. 
(13788— Enc. 7) 
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FBANKFOED ABSENAi, 
Philadelphia, Pa., March 31, 1897. 
Sir: The board for the tests of contract powders has the honor to 
submit the following report of test of a sample of Weidig smokeless 
powder, for .30-calil^r U. S. magazine rifle, received March 9, 1897. 
The record of test is as follows: 

Sample Jreidig So. 1 imokeUts poader, for .SO-calihtr rifie, March 13, IS97. 

PRESSURE GUH NO. !l. 

IChsrge, S3.3 gnitu ; 220 gmins uickelea-ileal Jacketed ballet.] 
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VBlocllj-ai 63 teet 


imiL. 
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MaiioMd preMure. W.2S0 pmnds; mini. 
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til 
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1.903 










Mean., l.SSB.S j 


aB,B*> 



U. S. UAGAZIITE KIFLE NO. IBStT. 



1.BC3 
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, \ 

Vflocitj-, enreme v«ri»tl01i, SS teet per kc 
dry bDlb.M^i wet bulb,li)=. 
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SUUiUif, DO tiUM IS 


■Ut; ninulM. 
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III view of the low vdocity (1,&47 feet per second), correBpoDcling to 
a pressure of 36,690 poaods per square inch, the board reoommeadB 
tliat no furtber test be made of tbis powder. 
Bespectfull;, for tbe board, 

B. W. Duim, 
Firit Lieutenani, Ordnance J)epartment, U. S. A., Preaident, 
Tbe CoMMANDiNe Officee, Fkankfoed Aesbnal, Pa. 

Feahkfoed aesbnal. Pa., April 1, 1897. 
Approved and respectfully forwarded to the Obief of Ordnanoe, 
Uoited States Army, in connection witb 4tb indorsement on letter No. 
19726, of this date. 

' J. M. Wbittbicobe, 
Colonel, Ordnance DepaKtment, U. 8. A., Commati^ing. 
{19726— Euc 3) 



II. 

Fbankfoed ABSBNAL, 
Pkiladelpltia, P«., March 31, 1897. 
SiE: The board for the tests of contract powders has the honor to 
submit the followiug report ou two samples of Weidig smobeless pow- 
der, receivcil March 9, 1897, aud tested in the .4ii-caliber Springtidd 
ride iiud pressure gun. 
The record of test of these powders is as follows: 

Sample Wfidig Xo. S tmolieitu poirifcr, for .i5-caliher rljle, March 19, 1897. 
I'llBSSURE GUX NO. 2. C 
|CbvgR,I9.5gritin>>; EMOktsIdbI 




Veli>clty, extreme Tarlotian, w ftat per m 

Ond i mean TBHrntlnn. UTROVMteiAr ■■«& 



1 Vvrj' uliuct liAUK tlre». 



TE8TH OF 8UOKELE6S POWDER FOB SHALL ARMP. 
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SamfU irndiy No. t nnolcdeta poader, Jor .4i-oaltber ri/le, Marc\ 19, Zd97'— Cont'd. 
D KIFLE IfO. 3t8S3S. 
± ST, 2 Mita.] 



Volocltj-atssfeet 
frDni tuuiile. 


Pnunra par »qBBrB 


■™„. 


Bemarks. 


InltlBl. 1 Flnil. 


FHlpir Kcond. 
1, 383.6 

oi!36b!s 

1.3M.U 




Foufldi. 
1.M1.0 

1.3W.U 
1,382.0 

limo 

1,M».& 


.. 


Velocity, » «hoU, eitreme Taristlon, 35 faet 
per second: rneuD viilatlon. 8.77 fwt per 
Becnnd. Baratiicler, 30". UU. Thennome- 
ler, dry bulb, «=-, wet IIDlb, M'. 


;::::::::: 


a 1. 388. u 
1,375.0 




■iiii 1 






Uoii nf 2« ilints. 1.38irroet iier wcond. SUbllil;. Do trace la sixty mluniM. 

Sampir IVeidig A'o. 3 amokele»i powder for .45 valiber rijle, 2Iareh 24, 1897. 
PRESSUHE GCN NO. Z. CALIBER .tS. 
[Cbarge, !> graiiiB ; SM grelna Ivad bullet.} 
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G.K 
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»5,3S0 




bulb.63^i wetliolb,*?'. 












23.150 






M,.n..l.34T.e 




a,B5fi 
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, SPRINGFIELD RIFLE NO. WB538. 




































































Meiiii-l,S»2.2 











Of the two sainples, Ko. 2 is the more promising. In viev of tlie 
velocity (1,380 feet per secoud, iuatrumental — 1,410 muzzle velocity) 
obtaioed witb a pressure of 2U,4O0 ponuds, the board recommeDds that 
a larger sample ot No. 2 powder be prociiretl vrith a view to patting it 
througli tbe regular tests now prescribed for llie smokeless powder for 
the .au-caliber U. S. magazine rifle. 
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The form of the grain of this powder is not adapted to the loading 
ma<:hiue at this arsenal. If a larger sample be procured, it is recom- 
mended that Dr. Weidig be requested to inform the Department if 
the form of grain of this powder can be modified to permit of machine 
loading. 

Kespectfhllv, for the board* 

B. W. Dunn. 

Lktttenantj Ordnance Department^ T. -S. A., PrcMident. 
The 003OIANDING Officer, Fba>'kfokd Absenau Pa. 

Fba:?kfobd Absenal, 
Philadelphia^ Pfl., April i, 1897. 

Approved and respectfully forwarded to the Chief of Ordnance, 
Ignited States Army, in connection with 4th indorsement on letter ]!sa 
19726 of this date. 

J. M. Whittbicobb, 
Colonel, Ordnanci: Department^ U. iS. A.., Commanding. 

(19726— Enc. 4; 



III. 



Fbanefobd Absenai., 
Philadelphia, Pa., June 11, 1897. 

Sir : The smokeless powder board has the honor to sabmit the follow- 
ing report on two samples of Weidig powder, porsaant to the 2d 
indorsement on the following letter from Dr. H. P. Weidig: 

The CoLUMiiiA Chemical Kike Engine, Unitei> States Patent, 

Corner Clifford and I'an Buren .StrevU, Stwark, X, J,, April 14^ 1897. 

Gen. Dan. W. Flaglek, V. S. A., 

Chief of Ordnance Department. Washingion, D, C, 

Sir: Yoar esteemed favor of 13th instaiit duly received. I am surprised to lean 
that powder No. L did not give the results I rx]iected. The t^^sts here showed for 
8 millimeters caliber, 2.55 ^am charge. 14.7 gram bullet. 2.500 atmospheres pressure 
and (i<)2 m<'t4;rM initial velocity; for 7.65 millimeters caliber, 2.25 gram olimrge, 13.6 
graiu bullet, 2.3(M) atmoBpher<*H pressurt' and 51K) meters initial velo4'ity. I send you 
to-day, express prepaid, a large sample of powder No. 2 and another small sample of 
No. 1. Please have it retested. 

I wish to state that I am ready to furnish the gun cotton for these powders to the 
amount of X0() pounds per day. 
Very respect fiilly, 

H. P. Wbidig. 

Keply to your No. 19726. 

[First iLdorsemont.] 

Office op the Chief of ORDNANcn, 

Washington, April 17^ 1S97. 

Hespoctfully referred to the commanding officer, Frankford Arsenal, with instruc- 
tions to test the samples of powder when received, they being sent separately, in 
one package, by expn*Hs. 

The results of the last samples of Weidig ]iowder — Xos. 1, 2, and 3 — were oommuui- 
cut^Ml to Mr. Weidig, and this letter is a re])ly thereto. Dr. Weidig was requested 
to state if tlie powder could be adapted to machine loading with the machines now 
in use at I'^rankford Arsenal, but has neglected to answer that inquiry. 

liy order of the Chief of Ordnance : 

R. BiKinK, 
Captain, Ordnance Department, U. 8. A. 
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* [Second indorsement.] 

I 

I Frankford Arsenal, Pa., April go, 1897. 

^ Respectfully referred to the smokeless powder board for test of Dr. H. P. Weidig's 

!■ samples No. 1 aod No. 2, and report thereon. 

\ J. M. Whittemore, 

Colonel f Ordnance Department, U. S, A,, Commanding, 

1^* The record of test of both samples is inclosed, 
i Sample No. 1, for the .30- caliber U. S. magazine rifle, does not give 
the required velocity within the limit of pressure allowed. Its test 
was therefore limited to that herein reported. 
"^ The test of sample No. 2, for the .45-caliber Springfield rifle, was car- 
, ried as far as the limited amount of the sample furnished allowed. 
* The result of the test so far would be satisfactory except for the fact 
■i that the grain of the powder does not permit of machine loading with 
I the machines on hand at this arsenal. 

J A report of test of Du Pont black powder for heat and moisture is 
•( inclosed for comparison. 

Eespectfully submitted. 
I J. Pitman, 

i Major J Ordnance Department^ U. 8. A.j President, 

B. W. Dunn, 
First Lieutenantj Ordna^we Department^ TJ, 8. A., Member, 

Golden L'H. Kuggles, 
jc First Lieutenant J Ordnance Department, U. 8, A,j Recorder, 

^ The COM3IANDING OFFICER, FrANKFORD ARSENAL, PA. 



H 



Frankford Arsenal, 

Philndelphiaj Pa,j June 14j 1897. 

Approved and respectfully forwarded to the Chief of Ordnance, 
United States Army, in connection with 4th indorsement on letter 
1^0. 1972G— Enc. 5. 

J. M. Whittemore, 
Colonel^ Ordnance Departmenty U. 8. -4.., Commanding. 

(19726— Eno. 6) 
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Becard of tests of Weidig Xo, 1 smol'ele9§ powder fur 



Date. 



Gun. 



Powdor charge. 



Nature of 
test. 



Kind. 



Weieht. 



Bnllet, kind and g 
weight. 






I 



I 



o 



Meanve- 
]o«'itv at 

5'J iett 
lYwni . 

muzzle. 



1897. i 
May 18 



l*ro«8uro gun, cal- 
iber .:M), No. 21. 



Standard 



Mav 18 
Mav 19 



.do 
.do 



do 
.do 



j Oraiji*. 
AWidig No. 1 33.3 

HniOKeleftA. 

K e c ti i V d 

Apr. 19. 1897. 

do 

do 



Niokel-eteel 
jacket 230 
grains. 



Xo. 

10 



33.4 
33.5 



.do 
.do 



Ti 



1.87T.4 



1.9%L6 

1.&31».4 



Designation (incluiling date of receipt, <inantity, etc.) of lot or sample of powder tested: Wt-idij 
No. 1 smokeless jiowder. Koccived April 19, 1897." 



liecord of tests of IVeidig Xo, 2 smoleelfs powtlvr for 



Date. 



1H97. 
Mjiv25 

M:i.v25 

•June 2 

June 2 

J lint' 2 

J lino 2 

May 25 
May 25 
.Iiiiif2 
•Iiin«- 2 
iliiiii* 2 
Jiim- 2 



Powder charge. 



dun. 



Nature of test. 



, Tariatiou in i 

- klnil ,Sliot«:«JfJ5>. — 

„?r.h, ""*• I ^» I F""'^ 

Kind. Wright. «^'^»8n»-. ! mnzile. 'Extreme, stand- ' 

j I anl. ' 



Xo. 



3r 



«M5 



•ll 



Stundanl (I'artridp'S). 

Heat 

Stnndui-d (powder) — 

Moisture 

Moirttun* und air 



■ 1 3t 



I S 



— ri 



I 51 - 

to 
- f 
T. • 
1. 



^ I 



Standard (cartri<lj;es) 

Hfut 

Standard ( powder) — 

H.at 

Moisture 

Moi.sturo and air 



is — 

.i ^> 

■ I — - 
I * ' 

X 2 ■ 



<i rainy. 
215. 5 

2C. r. 

20.5 

2i\. 5 

20. 5 

26.5 

20. 5 
2(5. 5 
20. 5 
2(5. 5 
20. 5 
20. 5 



/Y. nee. ' Ft. Bfc. Ft. itrt. 
10 1,303.5 43.0 



5§ 



1 ^ 



10 1,293.7 34.0 

1 

20 1. 300. 5 87. 

I 

10 1.351.5. 22.0 

10 1. 229. 47. 

10 1.200.4 , 24.0 



— 9.8 

+51.0 
—71.5 
—10.1 



a; 



5 1,324.3; 52.0 

5 1, 377. 3 19. 

10 1. 295. 1 30. 

5 1,318.3 31.0 

5 1,245.1 32.0 

5 1.304.0 31.0 



-r»3.0 

- 23.2 
— 5i».0 

- 8.9 



I 



Jccuracif at '»(H) yards. 





Kadins. 


.M 


. ^• 


.D. 




0.90 

.70 
.01 

.H7 






0'.590 
.0S5 
.45n 
. 585 
. 750 




:. ) ::. H7 




5 


:). (iGu 



0.794 



. 012 
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.30-oalibrr tntall armt, at Frani/ord Arienal, Pa. 



TudMion In 
nloclly. 


tiouiii 
velo*. 
ilj. 

17.12 


Initial 

•B 

d.rper 

Lbi. 
M.COU 

M,CKIO 


'S.S^'. 


ctmrKe*. 




Tlieriuiim. 
eter. 


Pri- 




1 


3S,gM J J9,6b1| 
3S,S30'38.a» 


vsria- ''^^■ 
Or: ' Or>. 

::::t::::: 


30. M 

30. U 
30. SO 


a[s, 


EpmarkB. 


?! 


n 


•3.. 





Fka:ikfori 



J/^or, Onjiuinn Ccjurf ment, U. S.A. 
iRSKiil, JwiM W, MS7. 

latl arms, at Frank/ord Arienal, Pa. 



varts- 


iDlilal 


S7;;=:r' 


riH.iini!. — ^""awr™ 


Ppi. 




X- 


iiciiiire 


Meat, ^*- !^ 




-Iffl 


^K. 


Rein arks. 


Ft. «.r. 


if... 


Lbt. Lb: ; 


""• ^" 


3(i!h 
30,17 


03 


01 
SI 


6.. 


TelaclUcapcrHCOnd. 

Feet. 
M«DBUDdard- mY.i 




i 






1 ! 


tlan aUndBTd . 4S. 










":" 






i 
i 

1 


30.17 83 
30.00 BT 


S( 

M 

01 


G.. 








Ext none aUad- 


18 0M 


1S.no '22.S50 


Eitreine or U'ala 30.300 
The cliarga of M.5 gralna 

tncra Ihe powder and 


T,&7 


18,000 


H080 10.300 




30.00 «7 


81 U., 


Stability ;Kotra<.« in 103 
mi nil fed. 


7.25 


18,D0O 


l8,3BS;iO,aM; 




30.!7 «a 


«|G.. 


11. M 


18.1-WI 


1».«0 3S.I30 




30.Z7' 9,1 


» G),> 




9.18 


z 


Lesslliauls.DUU 
18,6»l IB-2M 




3U,S7 « 


1 1 


Slevi- iBit^ +10. O.lilOOii 
+ 0».O.U84'^;+U8.O.4gm6: 
%: +03,1.8230%. 



Heat leat. 13iy> F, H hnnn. Low, 1.5023 per cent. Moiitnre in Hy'g. 21 hoi.rp. Gain, 1,3831 per 
cent, rrmperatiin', 5;°-7^'> F. Molatureand air In liy'e. 21 honrx andia alr24 houn. Ualn. 0.3813 

Ser cent. Humidity, (J1-J2 per cent. Cartridges pipoBrel to heat 24 houn i alao to moiatore 1 neek. 
pecllicvraTUy andreaidDvfruni danh not taki'o, Trum lacli of [Miirder fur teata. 

lle^ignaliun lincluilinE date of receipt. quantilT, etc.) of lot or sainpis of powder teateil : WeldlK 
Mo. 2 aiDoki:lcaa powder for caliber Ab ■mall arms. Kecelved April 10, tB>7. 



Frankfobd Aboikal. Jvnt K 
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Becord of testa of DuPont blaekf lot 2fb. Spowd* 



Date. 



1897. 



June 
June 
June 
June 
June 



2 
2 
2 
2 



June 
June 
June 
June 
Juno 



2 
2 
2 
2 



Gun. 



^1 









.,1 


^^ 


;3 • 


;^CJ 


- o 


SV'i 




w 


vO 


C'* 






• b 


5 fl3 


£- 


p^ J 



Nature of test. 



Powder charge. 



Bullet, 
kind Shots 
and fired. 



Kind. 'Weight.|^^«*»*- 



Standard 

Heat (cartridges) 

Moisture (cartridges) 

Heat (powder) 

Moisture (powder) ... 



eo 
o 



Standard 

Heat (cartridges) 

Moisture (cartridges) 

Heat (powder) 

Moisture (powder) 



I 0* 



a 
o 

1-4 

Q 




Ko. 



10 
10 
10 
10 
10 



5 
5 
5 
5 
5 



Mean 
velocity 
at 58 feet 

firom 
mozsle 



J^. 9ee. 



1.287.4 
1,229.2 
1.285.9 
1,301.2 
1,221.3 



1,283.9 
1,242.9 
1,208.8 
1, 299. 9 
1,222.5 



Variation 
velocity 



Ex- 
treme. 



: at 

a 
I 



Ft. gee. Ft 



16.5 
101.0 
19.0 
26.5 
19.0 



27.5 
121.5 
64.0 
29.5 
17.0 



Designation (including date of receipt, quantity, etc.) of lot or sample of powder tested : Do 
black, lot No. 3. 
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(T tmall armt, al Franl/ford Jr*enal, Pa. 



Mesx 

Iti. 

4:20 

45:32 
18.™ 


*lilfh. 




,Ther 

IJaiBm- - 
Bl«r. 

Pry 


w,t 

1 

w 

Be 

«2 
82 

m 

M 


Prl- 
:4i 

'.a 

.V, 

.45 


Remarha. 


Lb.. 


Lb,. 


Lb,. Gy>. art. 


In,. 

30.23 
30.18 
80.18 
28. KO 

30! IX 
2s!>a 

20.90 


D.3. 

71 


Velocitips pet aerond : 

FML 

■tantlard 4.32 


























i 


MeBOKM-Urt- 18.820 
HmI test.2ihoors,130JF.: 








is; 000 




18.000 
»l.500 
118.000 






L«»th« 




1 


eipoHd to molBturs 1 
week. 
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IV. — feoTT' 

[Sampls fornii 



Respectfully returned to the commauding officer, Fmukford Ars 
requireineuts, iu that the standard velocity is not obtained wil 
For the board : 



yoTE. — Fnrtlier reference to the tests of this powder is made i: 

Steord of itali of »amph of SoUieeil imokelttt j 

I ' Puwder charga. 



I 



I SUndard _ 

I SUndard [pomlerl 

Heit 

lUDJBturB 

I Uaistiireudiilr 

Standard fcRrtiidEM}-. 

' Cold 

■- nilanl (powder) 

^tdhdanl (cartr1dc«H|,. 

Heat 

Miiidtiin- 

Stai.ilnni 

MoUtuna^'air"!:*;: 

StAEidanl (powder) 

Cold 

SUudaul (vartciilgMI . . 

Hent T 

I MolBtuio 



TESTS OF SMOKELESS POWDER FOB SMALL ABM8. 161 

POWDEB. 



Fbankfobd Arsenal, Pa., December 39, 1896. 
b report of test incloaed. This powder does not fulfill tbe ballistic 
eeding tbe limit of pressure. 

B. W. DOHN, 
First Lieutenant, Ordnance Department, U, 8. A., President. 

ort of tbe cbemical laboratory, dated September 9, 1897. 

JO ealiber malt anna, at Franl(ford Aretital, Pa. 



a- 
it- 
*. 


P<)wdiirpn»uce 


MBOblD« 

MdiDg. 




TliBn 


_. 


frl- 

r.'M 

p; 

0"" ■ 

H 




Usui. 


El. 

tremE, 

Lb,. 


tion. 
(Jr.. 


varH- 
Qr,. 


eier. 


a 


■Wet 
balb. 

1 

eg 

i 
i 

i 

i 

i 


Benurk^ 


h, 


In,. 

so! 00 

so. so 

30. BO 
30.30 
BO- so 
W.27 

at. 70 

2S.0!i 
BOisS 

».aa 
so! so 

30. UT 

£0.10 
20.70 

m!iw 


1' 

7S 

i 

n 

i 

« 

i 

i 

i 
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ani lt.M 

E itreme variiHon ntiuid- 



























Preaanna pet aqnwii loch : 
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BO. WO 

Is 
ss 


Sis 

IS 


::::::!:::::: 


EitremB atandnnl M,8i!3 

Eitrsue of ttwU ftl.tOD 

SUbUlly. No tmte in 180 mfnutes. 














this powder b( each dUcbargn is 






























t 




that given Ijy the W .-i. powder. 


300 


S7.1...> 







■tssatioD (Inoladiuj! date of receipt, qQanllty, etc. 
itaiell amakeleaa iwwder. Beceived Uctobci- 22, V 



oipleof powder teated: Sample Lot 
B. W. DusN, 



(1871— Enc. 8 
OED 97 11 
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Y. 

FRANKFOBD ABSENALy 

Philadelphia^ Pa.j March llj 1897. 

Sib: The board for te^s of contract powders has the honor to sub 
mit the following record of a test of Savage smokeless powder in th4 
^-caliber rifle.^ 

Sample Savage smokeleas powder for caliber .30 rifle. March 6, 1897, 

PRESSURE GUN NO. 21. 
[Charge, 30 grains; 220 grains nickeled steel Jacketed boU^.] 



Velocity at 53 

feet from 

muzzle. 


Pressure, 

per square 

inch. 


Remarks. 


Ftetpersec. 
1, 811 
1.735 
1,853 
1,833 
1,773 
1,803 
1,789 
1,707 
1,818 
1,826 


Pounds. 
31.100 
42,800 
38, 350 
31,600 
43.100 
43,100 
36,850 
34,800 
83,500 
36.150 


Maximnm pressnre, 43,100 ponnds; minimum 
pressure, 81,100 pounds. Velocity, extreme 

- variation, 118 feet per second; mean varia- 
tion, 24.40 feet per second. Barometer, 30" .28. 
Thermometer, dry bulb, 46o; wet bulb, 43o. 

• 


Mean..l,803.8 


87, 135 



U. S. MAGAZINE RITLE NO. 18647. 



1,850 
1,755 
1,786 
1,752 
1,737 
1,767 
1,818 
1,831 
1,885 
1,818 




Velocity, extreme variation, 118 feet per seo- 
. ond; mean variation, 85.50 feet per second. 
Barometer, 80". 28. Thermometer, dry bulb, 
460; wet bulb, 43°. 

• 

4 






















Mean..l,794.9 




- 



In view of the low velocity (1,795 feet per second) obtained with ( 
pressure of 37,000 pounds, and of the great irregularity of velocity anc 
pressure, the board recommends that no further test be made of thii 
powder. 

Eespectfully, for the board, 

B. W. Dunn, 

First Lieutenant^ Ordnance Department^ U. 8. A,, PreHdenU 
The GoMMANDiNa Offioeb, Fbankfobd Absenal, Pa. 

Approved and respectfiilly forwarded to the Ohief of Ordnance 
United States Army, in connection with 2d indorsement on lettei 
No. 11181— Enc. 4. 

J. Pitman, 
Major y Ordnance Department j U. 8. J.., Commanding. 

(11181— Enc. 6) 

■ In letter of February 27, 1897, the Savage Repeating Arms Company states : ** Thi 
powder is not of American manafaoture, althoneh we generaUy carry in onr magft 
zine here abont 5 tons of the same. Preference lor this powder is claimed beoftHM ii 
contains no nitro-glycerine.'' 
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report of chemical laboratory at fraxkford arsenal, pa,, 
for part of the tear ending june 30, 1897. 

Fbankfobd Arsenal, 

Philndelphiaj Pa., September 9, 1897. 

SiE : I have the honor to submit the following report of the principal 
operations at the chemical laboratory from July 1, 1896, to October 31, 
1896: 

The following powders were received : 

CANNON. 

1. Du Pont No. 2 A, 1896, for 3.2-inch rifle. 

2. Maxim <2> No. 1 A, 1896, for 3.2-inoh rifle. 

3. Maxim, lot 2, 1896, for 3.2-inch rifle. 

4. Maxim, for 3.2-inch rifle. 

5. Maxim, for 3.2-inch rifle. 

6. American Smokeless Powder Company, for 8-inch rifle. 

« 

SMALL ARMS, CALIBER .30. 

Peyton, 1896, lota 1 to 10, 9,800 pounds, contract May 8, 1896. 
Laflin & Rand W.-A, lots 1 to 5, 5,000 pounds, contract, May 8, 1896. 
Du Pont, 1896, lots 1 to 5, 5,000 pounds, contract. May 8, 1896. 
Bottweil, German (sample), received October 22, 1896. 

The cannon powders were examined here only for stability, with the 
following jesnlts: No. 1, 38 to 39 minutes; No. 2, 40 minutes; No. 3, 
56 to 65 minutes; No. 4, 45 to 69 minutes; No. 5, 22 to 37 minutes; 
No. 6, no trace in 190 minutes. 

PEYTON POWDEE. 

From the California Powder Company, under contract May 8, 1896, 
9,800 pounds were received July 9, 1896, and divided into nine lots of 
1,000 pounds and one lot of 800 pounds. 

These were examined and tested as described in my previous report 
(1894). 

The general appearance of the grains is the same as that received 
under the former contract. 

The granulation about 84,127. 

Specific gravity varies from 1.6569 (10) to 1.6624 (11). 

Gravimetric density varies from 1,005 (3) to 1,014.6 (10). 

Besidue, alter flashing on glass plate, of lot 1, 1.79 per cent. 

Stability above sixty minutes. 

To obtain more uniform ballistic results the following variations in 
weight of charge were required in the different lots : 

Charge 36.6 grains, lots 1, 3, 4, 5. 

Charge 36.7 grains, lots 2, 6, 8, 9, 10. 

Charge 36.8 grains, lot 7. 
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With the U. S. magazine rifle, caliber .30, a 220-ffrain capro-nickfll- 
Bteel jacketed bnllet, G.36 primer and the varyiug (Siarge, the average 
velocities at 53 feet, average mean variation, and aven^^ pressures 
were : 

Charge 36.6 grains: Velocity at 53 feet, 1,956.7 feet; majEzle velocity, 
9.89 feet; pressure, 36,540 pounds per square inch. 

Charge 36.7 grains: Velocity at 5^^ feet, 1,958.7 feet; muzzle velocity, 
9.40 feet; pressure, 37,397 pounds pj^r square inch. 

Charge 36.8 grains: Velocity at 53 feet, 1,960.6 feet; muzzle velocity, 
9.80 feet; pressure, 39,032 pounds per siiuare inch. 

The effect of the various tests on the powder and oartridges is shovn 
in the following table: 



PEYTON— LOTS 1 TO 10. 
[The flgnres in pareutheses refer to the number of the lot.] 



Teat. 



Heat, 130° F. for 24 houra I 

Moisture 

Saturated atmosphere 24 houra I 

Moisture and air as above and 24 liour;*/,' 



Lota. 



5,8 



Powder 

do 

Cartri<lge8 . . . 

Powder 

Cartridges... 

-do I 2 

Powder 

to air \ do : 9,10 

^''""o""' {:;::;d«::::::::'''iAMS 

Cold and air ! do ' 1 

Cold ' Cartridgea....! 1 



Chango in velocity. 

MlnltimiH 



Haximnm. ICcmi. 



FL9$e. 
+ ». 8 (0) 

— 12.6(8) 
+108.4(4) 
—166.7(1) 

— 40.6(7) 
+ 8.9(2) 

— 42. 4 (6) 
+10.0(10) 

— 20. 6 (8) 

— 13.7(9) 
+ L2(I) 

— 86.9 



+ ».l 



+ 65.8 
—107. 
— 18.7 



— «1.7 

• •■•••Ml 

•18.6 

+ 5.1 



+ 3.2(« 

+ 84w4m 
— 66.8W 

— x.4n) 



— 11.6(41 

— 0.8«* 

+ a6(S) 



Test. 



Lota. 



Change in pressure per aqoare 
inch. 



Maximum. , Mean. 



f Powder 2.4.5.6,8 
do 1.3,7,9,10 
Cartridges..! 1 to 10 

Moirttiuv PowdiT 

SaturnttHl utinoHphrre 24( Cartridge^..: 

hours. \ do j 1,8 

MoiHture and air as above f Powder , 

aud 24 honra to air. \ do I 4.7,10 

Air24 hours \ ^^ j, jj, 

Cold and air do I 1 

Cold Cartridge«.. 1 



7*Mint!s. 
+ 1.793(6) 

— :i,415(9) 
tl0.656(Ci> 

— 9,888(1) 

— 5,564 (4) 
+ 2.340(1) 
-4,217(1) 

— 432 (7) 
V- 3. 120 (3) 
+ 1.114(10) 

— 2.332 (1) 

— 7,457 



Lb». 
{- 689 
— 2,i:»8 
+6.623 
—5.906 
—3, 019 



Minim nm. 



-2. 419 
+ 228 
—1,734 



Povndt. 
+ 2»l(4) 

— 314 (10) 
+2,210(1) 
--1, 210 (9) 
-1,466(2) 
+ 284(8) 

— 705(9) 
+ 1(4) 

— 681(4) 
+ 382(0) 



Chongvfai 

weight per 

cent. 



I<o0t 0.361. 

Gained IJU 

Gain«il 0.111. 
GninedOUm. 
Gained 0.08. 



LAFLIN iV RANI) (W.-A.) POAVDEE. 

This powder is similar in form to that (le»cribed in my last report) 
but is of a light lemon color. 

Five thousand pounds were received from the American Smokeless 
Powder Company, under contra(*t of May 8, 1896, on September 2, 1896| 
and divided into live lots for examination and inspection. 

Granulation about 135,000. 

fc5pecific ^'ravity varies from 1.773 (5) to 1,781 (1). 

Gravimetric density varies from 978 (1) to 996 (3). 

Residue remaining after flashing, 8.12 per cent. 

Stability above twenty-five minutes. 



[ 
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To obtain the required velocity, the weight of charge was varied 
with each lot. The velocities are as follows: 

Charge, 40 grains, lot 1: Velocity at 53 feet, 1,967.6 feet; muzzle 
velocity, 6.9 feet; pressure, 37,176 pounds per square inch. 

Charge, 39 grains, lot 2 : Velocity at 63 feet, 1,963 feet; muzzle veloc- 
ity, 6.76 feet; pressure, 36,616 pounds per square inch. 

Charge, 39.2 grains, lot 3: Velocity at 63 feet, 1,964 feet; muzzle 
velocity, 4.4 feet; pressure, 34,086 pounds per square inch. 

Charge, 38.6 grains, lot 4: Velocity at 63 feet, 1,964.2 feet; muzzle 
velocity, 3.9 feet; pressure, 37,444 pounds per square inch. 

Charge, 38 grains, lot 6 : Velocity at 63 feet, 1,965 feet; muzzle veloc- 
ity, 6.2 feet; pressure, 34,778 pounds per square inch. 

The effect of the various tests on powder and cartridges is shown in 
the following tables: 



t • 



LAFLIN & RAIH) (W^A.) LOTS 1 TO 5. 
[The figures in parenthefles refer to the namher of the lot.] 



Test. 



Heat I 

Moisture i 

Moisture and air | 

^ -. { 

Cold and air 



Cold, U(P F., for six hours. 



Powder •.••••. 

Cartridges 

Powder 

Cartridges . . . . 

Powder 

do 

do 

do 

do 

Cartridges . . . . 



Lots. 



1.6 



2.3,5 
1.4 



4.6 
1 
1 



Change in velocity. 



Maximum. 



Ft.iee. 
+ 64. 1 (1) 
-h 74. 2 (2) 
—163. 4 (5) 

— 20. (3) 

— 16.3(2) 
17.6(1) 
15.6(1) 

0. 8 (5) 

6.4(1) 

32.1(1) 






Mean. 



Ft. tee. 
+ 24.3 
-1-^.6 

— U6.7 

— 66.6 

- 9.9 



+ 8.7 



Minimum. 



Ft, tee. 
+ a. 6 (5) 
+23. 6 (3) 
—94. 6 (2) 
(1) 

— 4. 8 (3) 
-h 7.2(4> 
-f 2.6(2) 

— 2. 8 (4) 



Test. 



Heat. 



Moisture 

Moisture and air . 
Air 



Powdsr . 



Cartridges . 
Powder 



Cartridges. 
Powder 



do 
.do 



Cold and air 

Cold, 140° F., for six 
hours. 



do 

......do 

Cartridges. 



Lots. 



Change in pressure i>er square 
inch. 



Maximum. 



I Poundt. 
1, 2, 3. 5 +4, 210 (3) 



—2,723 
, +7. 913 (2) 
—8, 129 (4) 



3,4,5 

1,2 
2 



—2, 993 (2) 
-•- 819 (4) 

+ 1,979(2) 
+2, 567 (2) 

+ 1,593(4) 
+1,683(1) 
—1,533(6) 



Mean. 



Poundt, 
+2,731 



+4,962 
—4,822 

—1,638 
— 578 



813 



Minimum. 



Poundt. 
+1.099(2) 



+1.587(1) 
—2, 825 (5) 

— 787 (4) 

— 147(5) 

+ 1.447(1) 
89(1) 



Change in weight per 
cent. 



Lost from 0. 218 (3) to 

0.760(1). 



Gained 1.952 
1.647 (5). 



(1) to 



Gained 0.275 (1) to 
0.053(4). 



Gained 0.159 
0.038(3). 

Lost 0. 194. 



(2) to 



DU PONT (1896) POWDBE. 

Under contract of May 8, 1896, 5,000 x)ounds were received from 
Du Pont & Co., August 26, 1896, and divided into five lots. It is simi- 
lar in appearance to that received under previous contract. 

Specific gravity varies from 1.6382 (5) to 1.6462 (4). 

Gravimetric density varies from 959 (1) to 972 (5). 

Residue remaining after flashing, 2.9 per cent. 

Stability above 40 minutes. 



166 



APPENDIX 14. 



The following charges were required in the various lots to obtain the 
required velocity, etc. : 

Charge, 38.5 grains, lots 1 and 5 : Velocity at 53 feet, 1,963.6 feet; 
muzzle velocity, 6.35 feet; pressure, 38,593 pounds per square inch. 

Charge, 38.3 grains, lots 3 and 4 : Velocity at 53 feet^ 1,063.8 feet; 
muzzle velocity, 8.40 feet; pressure, 36,837 pounds per square inch. 

Charge, 39 grains, lot 2: Velocity at 53 feet, 1,968.6 feet; muxzle 
velocity, 8.52 feet; pressure, 38,101 pounds per square inch. 

The effect of the various tests on this powder and cartridgeB is ahowi 
in the following table : 

DU PONT— LOTS 1 TO 6. 
[The figures in parentheses refer to the number of the lot.] 



Test. 



Heat 



Moisture. 



Powder ' 

do 

Cartridges ' 

Powder 

Cartridges... I 

Moisture and air I Powder 

^ {;::::;3S::;:::::j 

Cold and air ! do I 

Gold I Cartridges.... 






Lots. 



1.6 

1 
1 



Change In Vvloelty. 



Maximum. 



Ft. 
+ 82.4(2) 



+ 88 (6) 
-139 (8) 

— 22.2(8) 
+ 1.9(1) 

— 28.5(6) 

- 21 (2) 
+ 1.4(6) 

- 12.4 (I) 
-18.6(1) 



Fi, 

+ 10.6 



+ 68.t 
—118.1 
— 18.1 



— 18.1 

— 19.B 



+ 4.1W 



+ 66l6(U 
— llllL8m 
— 7.8(S) 



— 7 (D 



Test 



Heat. 



Moisture 

Moisture and air. 



Air, 



Cold and air 
Cold 



Powder. 



do 

Cartridges. 
Powder. . . . 



Cartridges./ 
Powder 



.do 



do 

do 

Cartridges.. 



Lots. 



Change in pressure per square 
inch. 



Maximum. 



2.5 
1,3.4 



Pounds. 

+2,467(2) 

—2, 796(1) 
+0. 867 (2) 
—9, 791 (1) 



, -4,576(1) 
2, 3 I + 713 (3) 
-4, 168 (5) 



...!-1.765(2) 

I 

5 I +3, 521 (5) 
1 ! +1.593(1) 
1 I +2, 680 (1) 



Mean. Minimum. 



Poundt, 



—2,079 
+6,309 
-7,967 

—8,118 



—2,876 
—1,078 



Pounds. 
+1.865(6) 

— 978(4) 
+4, 393 (6) 
-6,920(6) 

-2, 198 (5) 
+ 297(2) 
-1,991(8) 

— 638(8) 



Chang* In weight, p« 



Loat from O.SM (1) to 
0.466 (1). 

Gained firom 1.4U (S» 
to 1.U3 (2). 

Gfttned firom J86 (S» 

to 0.(B6 (1). 
Gained firom 0.0M <4» 

to 0.067 (8). 

Loat 0.085(1). 



BOTTWEIL POWDEH. 



A sample of this i>owder was received from the Ordnance Office 
October 22, 1896. 

It is of a dark color aiul in the form of square plates, having a spe- 
cific gravity of 1.015 and a gravimetric density of 744. 

Stability good, as there was uo discoloration of the test paper after 
one hour's exposure. 

A velocity (at 53 feet) of 1,942.5 feet, with a mean variation of &8 
feet, was obtained with a charge of 32.5 grains in the U. S. magazine 
rifle, caliber .30. Pressure, 37,960 pounds per square inch. 

The h(*at test caused an increase of 80.7 feet velocity and 12,073 
IK)unds pres:sure and a loss in weight of 0.10 per cent. 
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I With cartridges having a temperature of about 1^^ F. the increase 
in velocity was 53.3 feet and iu pressure 985 pounds. 



Test. 



Molstme 

Moisture and air. 

Air 

Cold and air 

Cold 



>••••••*. *.••■ < 



CartridKea. 

Powder 

do 

do 

Cartridges. 



Velocity 

(atS8 
feet) lost 


Presanre 
lost. 


Feet. 


PoundM, 


168.8 


7,973 


87.2 


6,708 


52.2 


1,718 


29.0 


180 


11.3 


3,579 


47.3 


4,903 



Change in 

-weight, per 

cent. 



Gained 1.649. 

Gained 0.065. 
Lost 0.156. 
Gained 0.154. 






I 



The year's exjMSure of loaded cartridges on the roof of the chemical 
laboratory was completed October 1, 1896. Every three months car- 
tridges were removed and examined for velocity, stability, and per 
cent of moisture in charge. 

The results of each examination are given, so that continuous effect 
may be noted. 

Cartridges loaded with the following powders: 

Du Pont, received July 10, 1S95; contract. 1895; 
Peyton, received Jnl^r 18. 1895 ; contract, May 31, 1895 ; 
Leonard, W.-A., received Jnly 19, 1895; contract, June 3, 1895, 

were thus exposed and the results compared with similar cartridges 
loaded at the same time and retained in the chemical laboratory, in the 
original pasteboard boxes, as a standard. 

Many of the cases were cracked (principally in the neck) by the 
exposure and all injured when fired. None of the standard cases were 
injured. The interior of the cases was not affected by the contact of 
the iK)wder. Neither was the primer injured by the exx>08ure to the 
weather. The average of five shots each, using exposed and standard 
primers, a new cartridge case, and x)owder from the laboratory maga- 
gine, gave, respectively, 1,918 and 1,904 feet instrumental velocity. 

In order to ascertain whether the ballistic properties of the powder 
had been permanently injured by the exposure, the powders which had 
been dried at 130^ F. for twenty-four hours (heat test), both exposed 
and standard, were fired for velocity and pressure. 
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The powder, in open glass dishes, was exposed under glass to the 
direct rays of the sun for one year. 

The general effect was to reduce the stability, decrease the weight 
by evaporation of some of the ingredients, and change the ballistic 
IKToperties. The three contract powders were treated in this manner. 

Du Pont, stability from sixteen minutes to one and one-half minutes. 
Lost 12.97 per cent in weight. Velocity reduced to about 1,800 feet 
with 30,000 pounds pressure. 

The powder became very much caked, the granulation in some places 
entirely disappearing, so that portions resembled scoria, and the glass 
was covered with a yellow substance. 

Peyton, stability from twenty- seven to two minutes. Lost 14.97 per 
cent in weight. Velocity reduced to 1 ,676 feet with a pressure below 
29,000 pounds. 

Many of the grains turned yellow in color, and the glass was covered 
with a yellowish film. Very slightly caked. 

Leonard W.-A., stability, after an exposure of nine months, reduced 
fipom forty to two minutes. Lost in weight, 3.13 per cent. Velocity, 
1,492 feet with a pressure of 33,000 pounds. Granulation and appear- 
ance of powder not changed. 

Kespectfully submitted. J. Pitman, 

Major, Ordnance Department^ U. 8. A. 

The Chief op Ordnance, U. S. Army, 

Washington^ D. 0. 
(Through the Commanding Officer, Frankford Arsenal.) 

Approved, and respectfully forwarded to the Chief of Ordnance, 
United States Army, in compliance with instructions of July 13, 1897. 

J. M. Whittbmorb, 
Colonel, Ordnance Department^ U. 8. A.j Commanding. 

(10684— Enc. 6) 
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BELOADINO TOOLS FOR 1.65-INCR HOTCHKISS MOUNTAIN GUN, A8 

MADE AT THE FRANKFORD ARSENAL, PA. 

(3 plates.) 

NOMENCLATURE. 

[Frankford Arsenal drawing, dated September 28, 1897.] 

(1) Loading and neck resizing press; (2) loading sleeve; (3) common 
shell plunget; (4) canister plunger; (5) cartridge ejector; (6) case 
ejector; (7) neck resizing die; (8) screw end cap for resizing; (9) 
venting punch ; (10) fuse wrench; (11) fuse seat wiping brush; (12) shell 
charger; (13) cartridge-case charger; (14) shell ftmuel; (15) cartridge-case 
funnel * 

INSTBUOTIONS. 

The reloading tools are supplied in sets and should not be carried 
into the field under ordinary circumstances. For loading this ammuni- 
tion there should be a suitable room containing a heavy table or a work 
bench to which the loading press is secured, in a vertical or in a hori- 
zontal position, as most convenient. 

If a fired case can not be readily inserted into the chamber of gun, 
after the neck has been resized, the case should be rejected. 

To resize neck of cMe. — The cases after firing are to be thoroughly 
cleaned with warm soapsuds (using a brush, rag on a stick, or some 
other device to remove the residue), rinsed with hot water and dried. 

If, on blowing through the case from the front end, an escape of air 
should not be ])erceptible at tfie vent in the base, the venting punch is 
used by inserting it in the vent from the exterior and giving it a slight 
blow. 

Oil the interior of neck resizing die and the exterior of neck of case. 

Insert the die in its slotted seat in middle of press, the lettered face 
toward the screw; place the screw end cap over base of case and place 
the case in position, with the end of screw properly centered in outer 
recess in cap. (See photograph No. 1.) Force the neck into die by 
advancing the screw as far as possible, i. e., until the fixed ring on 
screw comes into contact with the end of press. Slacken the screw, 
remove cap, reverse the case and die, insert case ejector, and advance 
screw until the case can be pulled out of the die by hand. (See photo- 
graph No. 2.) 

^ These tools differ from the Hotchkiss loading tools^ described on page 14 of the 
pamphlet entitled, '^Handbook of the Hotchkiss 2-ponnder Mountain Gnn, London, 
1894/' in the following particulars : The loading press has a neck resizing attach- 
ment with additional irapleinents, comprising (6) case ejector, (7) neck resizing die, 
and (8) screw end cap for resizing. The venting punch (9) is also additional. The 
remaining tools are of equal number and serve the same parpoees in the two "sets," 
but differ in certain dimensions. Whence the Hotchkiss tools can not be used for 
Frankford Arsenal ammunition. Bot the Frankford Arsenal tools complete may be 
used for reloading the Hotchkiss ammunition as well as that made at the Arsenal. 
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When new cases are used it will not be necessary to resize the necks. 

To charge the shell. — Fill the shell charger with ^< small-arms lew- 
der" and level off with a straightedge (charge 1^ ounces). Insert the 
shell fnnnel in the fuse hole and pour in the charge, at the same time 
tapping the side of the shell with a light wooden mallet. Eemove all 
grains of powder from the screw thread of the ftise hole by means of 
the brush wiper. Brush the thread of the fuse stock, insert the ftise 
and screw it thoroughly home with the wrench. Should it require more 
force than can be applied to the wrench by hand, reject the fuse. 

Never strike a fuse or attempt to force it. 

To fill the ca^e. — Fill the cartridge case charger with Du Pont H N 
powder, and level off with a straightedge. Stand the case upright, 
insert funnel in mouth of case, and pour in the charge, tapping the 
side of the case with the flat of the hand to settle the powder. Insert 
the wad and press down by hand as far as possible. 

To assemble the cartridge. — Oil lightly the body of the projectile in 
rear of band and center it in mouth of case. Slip the sleeve (grooved end 
upward) vertically over the projectile and case, holding it v^ically and 
supporting the base of case with the hand ; place the sleeve in the press 
(projectile pointing to the screw), insert the proper plunger and com- 
press by means of the screw antil the flange of the plunger comes into 
contact with the face of the sleeve. Slacken the screw, remove the 
sleeve and plunger from the press, holding the base oi cartridge in 
the left hand. If the cartridge does not drop out when the sleeve is 
held vertically insert the* cartridge ejector and press it out. 

Never strike the ejector. 

(21990— Enc. 8) 
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HJPORT OF PRINCIPAL OPERATIONS AT WATERVLIET ARSENAL FOR 

THE FISCAL YEAR ENDING JUNE SO, 1897, 

(4 plates.) 

Sir : I have the honor to submit herewith my report of the principal 
operations at this arsenal daring the fiscal year. 

Isaac Arnold, Jr., 
Lieutenant-Colonel^ Ordnance Department^ U. S. A,^ Commanding. 

The Chief of Ordnance, U. S. Army, 

Washington^ D. C. 



GUN CONSTRUCTION. 

During the fiscal year work on gun construction has progressed 
steadily, satisfactorily, and as rapidly as the delivery of the forgings 
by the contractors w^ould permit. The appropriation made by Congress 
for finishing and assembling seacoast guns, and wbich became available 
about the beginning of the fiscal year, made it possible to increase the 
force of employees in the large gun shop to nearly its full capacity for 
day work and to add a small night force. This latter force has not 
exceeded forty machinists, the endeavor being to expedite the work 
and increase the output by working tbe night shift ui)on those opera- 
tions which require considerable time for their completion. The use of 
two shifts has continued throughout the year with most satisfactory 
results. 

During the year considerable difficulty has been experienced in 
securing suitable bronze castings for breech plates and trays. Numer- 
ous castings delivered by contractors have been rejected and the work 
consequently delayed, with the result that some guns which otherwise 
would have formed part of the completed product of the year are incom- 
plete, lacking breech plates and trays. In guns of the new design no 
Oreech plates are required, and the difficulty with the trays will be 
avoided by the use of cast steel. 

In the latter half of the year work in the gun shop has been much 
delayed, the proper succession of operations interfered with, and the 
yearly output materially aftected by the failure of the contractors to 
furnish forgings as rapidly as required. So noticeable did this become, 
that toward the close of the year the entire hoop, tube, and jacket 
departments had not a single forging in hand; and in an establishment 
like the gun shop, where the capacities of the various departments are 
so nicely adjusted, such a period of idleness in one department must in 
time be felt throughout the entire shop, and is practically equivalent to 
a complete shut down for a like period. In spite, however, of the diffi- 
culties and delays above mentioned, the output for the year, as given 
below, is much greater than that of any previous year, and is very 
gratifying. 

In the seacoast gun department the number of guns finished during 
the year was as foUows: Thirteen 8-inch, twenty-two 10-inch, and sev- 
enteen 12 inch. To obtain the output for the year the amount of work 
on guns in hand and unfinished at the beginning and end of the fiscal 
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year should be taken into consideration. Doing this, the output for the 
year is as follows : 6,65 8-inch guns, 21.2 10- inch guns, 19.9 12-inch guna, 
and 7.35 12-inch mortars, or a total output of 65.1 heavy guns, being 
about 50 per cent more than the output for any preceding fiscal year. 
The tonnage output for the year was 1,876 tons of heavy guns, an 
increase of 61 per cent over the largest output of preceding years. 

In the small gun shop the six 7-inch B. L. siege mortars unfinished 
at the close of the last fiscal year were soon completed. The shop wa» 
then without work for several months. In December orders were 
received for the manufacture of thirty 3.24nch B. L. rifles, ten 5-iuch 
B. L. siege rifles, ten 7-inch B. L. siege howitzers, and twenty 7-inch B. 
L. siege mortars, but the first forgings for these guns were not deliv- 
ered until the middle of March. The 3.2 inch guns were then taken in 
hand; six have been finished and the other twenty-four are well 
advanced. At the close of the year forgings for five 5-inch rifles, five 
7 inch howitzers, and four 7-inch mortars had been delivered. All of 
them were taken in hand as soon as received, and they are as well 
advanced as the date of the receipt of the forgings would permit. 

Two 5-inch E. F. rifles (L. 45) were taken in hand during the year. 
One, a built-up gun, with Driggs-Schroeder mechanism, is nearly 
completed; the other, a single forging gun, is ready for its breech 
mechanism. 

In addition to the above, one 4.7-inch Hotchkiss rifle has been fitted 
with a breech piece for the Gerdom breech mechanism. A defective 
trunnion on a 5-inch B. L. rifle made here in previous years has been 
removed and a new hoop substituted. Fifty-four sets of parts of the 
device for locking breechblock to tray for 8-inch, 10-inch, and 12-inch 
service rifles have been manufactured and issued. Two concentricity 
gauges for 12-inch mortars and various gauges, templets, and inspecting 
instruments for the use of inspectors at other establishments have been 
made. Numerous smaller parts of breech mechanism for difliBrent guns 
have been fabricated as ordered. 

The shops are now provided with a complete outfit of jigs, standard ' 
templets, and gauges to insure accuracy of finish and interchangeability 
of the various parts of the service guns. These, with the system of 
inspection of the parts now adopted, give a degree of accuracy to the 
finished work upon which, it is believed, it would be difficult to improve. 

THE LOWER SHOPS. 

The carpenter shop, the blacksmith shop, and the machine shop east 
of the canal have been run uninterruptedly during the year by the 
water power, with the exception of a few weeks occujned in the repairs 
of the canal by the State, during which period these shops were satis- 
factorily operated by electrical connection with the gun ^hops and the 
temporary conversion of an electric-light dynamo into a motor. These 
shoi)S have been utilized, as heretofore, in connection with the electric 
phmt, the increase and improvement of the water-supply system, the 
rei)air and construction work of the arsenal and gun plant, and, in 
addition, work has been performed of which the tbllowing is a summary: 

598 8- inch, 10-iuch, and 12-inch projectiles have been banded, painted, and boxed, 

ready for issue. 
85 armament cheHts have been mnniifactured for 5-inch and 7-inch B. L. siege guns, 

and 8-inch, 10-inch, and 12-inch B. L. rifles, and 12-inch B. L. mortara. 
60 sets of tools and implements for 5-inch and 7-inch B. L. siege guns and carriages, 

and 8-inch, 10-inch, and 12-inch B. Jj. rifles, and 12-inch B. L. mortars have been 

niaimfactnred or completed. 
2 pent honseft have been manufactured for 8-iuoh and 10-inoh B. L. rilioe mounted on 

depressing carriages. 
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580 shells for field and siege rifles have been prepared for issne. 

140 gas-check pads of various calibers have been manufactared . Articles for the filling 

of current orders for supplies have been manufactured, and sixty 8-inch. lO-iuch. 

and 12-inch B. L. rifles and mechanisms have been lagged and boxed and shipped 

during the year, and fifteen additional seacoast rifles are ready for shipment at 

the present writing. 

A material reduction has been made in the cost of some of these 
items during the past few months, especially in the armament chests, 
and it is expected that a further and satisfactory saving in the costpf 
the tools and implements can be effected during the ensuing year. 

BUILDINGS, PLANT, AND OTHER OONSTBUCTION WORK — GUN FACTORY. 

The equipment of the south wing for the finishing and assembliug of 
16-inch B. L. rifles has been completed. All four of the gun lathes, 
which were in process of erection last year, were, upon completion, 
carefully inspected, and some work on 12-inch guns and jackets has 
been done in them to test the efficiency of all the moving parts. The 
machines have all worked in a very satisfactory manner, and there is 
no doubt that they will work equally as well on the far heavier 16-inch 
work for which they were designed. 

All shafting, belting, and friction clutches for these lathes have been 
completed and successfully operated. 

A new interior cylinder for the shrinkage furnace has been substi- 
tuted this year for the one which was put in last year, the apparently 
short life of this cylinder being due to the large number of jackets and 
C hoops heated in this furnace during the year. A new cast-iron 
extension has been made for this furnace to adapt it for the long jackets 
for 12-inch rifles, model 1895. 

The height of the hoop furnace has been increased by 30 inches in 
order to be able to heat 12-inch D hoops and 10-inch C and D hoops 
of guns, model 1895, thus relieving the jacket furnace to a great extent. 
The bottom of this hoop furnace has been renewed once during the 
year. The working of these furnaces has been very satisfactory. 

An experimental oil furnace has been constructed during the year, 
with a view of obtaining some data and experience in this line before 
proceeding with the construction of one large enough for 16-inch guns. 
The results so far have been satisfactory, but as the furnace is yet in its 
experimental stage, no definite report can be made at this time. 

The east craneway for the 60ton and 120-ton electric cranes has been 
extended one bay (18 feet) to the north, in order to make room for the 
60-ton crane so as to enable the 120-ton crane to be placed over the 
shrinkage pit and handle the 16-inch gun. 

The jacket lathes in the south wing have been lengthened so as to 
give them the necessary capacity for jackets for 12-inch guns, model 
1895. A trolley rail with differential hoist has also been placed over 
these lathes in the proper position, so as to be able to hoist the heavy 
cutter heads and take them in and out of the boring bars conveniently. 

An attachment for grinding large cutter heads and the long conical 
reamers for forcing slopes has been constructed and attached to a 42-inch 
lathe in the east aisle of the north wing. This work was formerly 
done in the small shop and caused a great deal of inconvenience to the 
work in that shop. 

The second section of the small gun shop is being prepared for the 
installation of four 36-inch, two 30-inch, and six 16-inch lathes, specially 
designed and adapted for work on field and siege guns. A special over- 
head trolley arrangement for the easy handling of such guns is also 
under construction. 
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WATER POWEB PLANT, ELECTBIO LIGHT AND POWER PLANT. _ 

The water ]X)wer plant, as described in a previous report, has be< 
in successful operation during the past year. It has been necessary < 
several occasions to run the lower* shops by means of electricity fro 
the gun shop on account of freshets and the withdrawal of water fro 
the Erie Canal by the State authorities. It has been found to be bot 
safe and economical to run the lower shops by this means when tl 
water power plant is out of action. > 

*In order to increase the motor capacity, arrangements have been maib 
whereby both generators at the lower station can be operated as motoi 
simultaneously, giving a capacity sufficient to run the pumps and al 
the machinery in the lower shops at the same time. 

The electric light and power plants have been operated this year wit 
very satisfactory results, very little repair having been necessary. Tli 
electric motor for the main hoist of the 60-ton crane has on several occi 
sions become overheated, destroying the insulation and causing sh<H 
circuits; this is due to the great strain on this motor in having to hoii 
or lower a 12-inch gun, the whole weight being applied suddenly, thu 
not giving the motor an opportunity for a gradual increase of speed an 
power. This motor is now being repaired. 

Another year's experience has taught the absolute necessity of pn 
viding the inclosures mentioned in my last report for the electric ligh 
and pumping stations. The estimated cost of this work is about $Sk 

WATER SUPPLY. 

The new water tower, with its equipments, has been in successful opei 
ation during the year. A new tank and a supplementary 5-inch distril 
uting main have been installed. The connection of the 6-inch force pip 
with the 6-inch distributing main lying north and east of the lowe 
shops, as recommended by me in my last report, has been made, an< 
the following advantages have now been obtained : The post can noi 
be supplied by means of the 6-inch and 8-inch distributing mains i 
case of accident or repair to the 5-inch force main ; also, in case of fir< 
the pumps can force water through the 5-inch force main and 6-inc 
and 8-inch distributing pipes at the same time. The complete systei 
of force mains and distributing pipes is shown on pi. 1. 

FIRE PROTECTION. 

In order to fully protect the gun-factory buildings, a new 6-inch pip 
was laid and a number of hydrants placed around the entire south en 
of the large gun shop (the north end being previously well protects 
by outside hydrants). The location of these hydrants is shown in pi. i 
This new pipe is connected with the 8-inch distributing main. 

For the inside protection of the gun shop a complete circuit of 4-inc 
water pipe has been laid; to this pipe is connected twenty-six 3-inc 
valves, equally distributed around the shop; to each of these valve 
there is connected 50 feet of fire hose with nozzles attached, the hos 
being arranged on stationary hose racks, so that, in case of fire in an 
part of the shop, a stream of water can be applied almost immediately 
The arrangement of this inside system is shown in pis. 3 and 4. 

Isaac Arnold, Jr., 
TAeutenant- Colonel^ Ordnance Department^ U. S. JL., Commanding, 

Watervliet Arsenal, September 5, 1897. 
(10104— Euc. 34) 
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REPORT OF PRINCIPAL OPERATIONS AT WATERTOWN ARSENAL FOR 

THE YEAR ENDING JUNE SO, 1807, 

WATERTOWN ARSENAL, MASS., August J28, 1897. 

Sir : I have the honor to forward herewith my report of the priiicii)al 
operations at this arsenal for the past fiscal year. 
Very respectfully, your obedient servant, 

J. W. Reilly, 
Major^ Ordnance Department, U. iS. A,j Commanding. 

The Chief of Ordnance, U. S. Army, 

Washington, D. C. 

The principal operations at this arsenal since my last annual report 
have been as follows : In the enlargement and improvement of the gun- 
carriage plant, the fabrication of gun carriages for permanent fortifica- 
tions and gun carriages and platforms for field and siege purposes, the 
manufacture of templets for setting base plates of gun carriages, test- 
ing tools and gauges for inspecting officers, castings for other arsenals 
and for Sandy Hook Proving Ground, cast-iron shot and shell, machines 
for mechanical maneuvers, implements for the service of guns, in the 
improvement and care of buildings and grounds, and in the improve- 
ment and enlargement of the testing department. 

Aside from the purchase of some small drills, bench lathes, improved 
grindstones, vises, etc., the principal addition to the manufacturing 
plant has been the purchase and erection of an iron planer 12 feet 2 
inches by 10 feet by 25 feet. This tool, by its capacity, stiffness, and 
accuracy, enables us not only to do work we could not do before, but 
does it so quickly and well that it serves as a -check upon the other 
planers, which, being light, became damaged and incorrect by the 
heavy service imposed upon them. 

When five years ago the enlargement and improvement of the gun- 
carriage plant was inaugurated, among the machine tools on hand some 
few planers, lathes, horizontal boring mills, shapers, and Blotters were 
still serviceable and were retained and enumerated among the list of 
machine tools of the new plant. These since then, by work on steel 
castings and forgings, have become worn out and need to be all replaced 
by new, larger, and more improved tools. The next fiscal year there 
will be an appropriation of $15,000 available for this purpose, but this 
amount will not procure half of the needed tools. 

MANUFACTURES. 

The shops have been very busily employed during the year, and for 
several months of the year were running sixteen hours per day upon 
the more important tools. It would not be expedient, if it were pos- 
sible, to complete all orders on hand at the end of the year. To keep 
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the shops continuously employed work orders interlap; new ones are 
started while old ones are toward completion. The ;^ear's progress 
report therefore shows the completion of orders left over from the pre- 
ceding year, the commencement and completion of others, and the com- 
mencement of new orders. 

My last report showed that work was commenced and partially com- 
])h*ted on one lOiiich disappearing carriage, model 1894, six 12-inch 
mortar carriages, two 15-inch altered smoothbore carriages, and six 
7-inch siege mortar carriages. These were fully completed early in the 
year. 

In addition the following orders were commenced and completed 
entire during the year: One 12-inch disappearing carriage, model 1896, 
four 12-inch barbette carriages, model 1892, five 10 inch disappearing 
carriages, model 1894, two 8-inch disappearing carriages, model 1894, 
twenty 7-inch siege mortar carriages and platforms, twenty 3.6-inch 
field mortar carriages and platforms and for issue to the Military 
Academy, 1 model 12-inch seacoast mortar carriage, one-tenth size, 1 
model 7-inch siege mortar carriage and platform, one-tenth size, 1 model 
3.6-inch Held mortar carriage and platform, one-tenth size. 

The following carriages have been commenced and partially com- 
pleted: Four 12-inch disappearing carriages, model 1896, three 8-inch 
disappearing carriages, model 1894, three 12-inch gun lifts to be altered 
to 12-inch barbettes. 

The change in design of these lavSt three was so long delayed that I 
could not, as I expected, complete them during the year, but they will 
be ready for issue in the early fall. 

Also i)artially coni])leted, one 12-inch B. L. barbette carriage, one- 
tenth size, for the Military Academy at West Point. 

The nianutacture of carriages occupies probably two-thirds of the 
facilities and time of the shops, the other third being occupied in the 
manufacture of cast-iron shot and shell of various calibers; machines 
for garrison service, mechanical maneuvers, and for mounting and 
dismounting of guns and carriages; implements for the service of sea- 
coast guns; inspecting templets, gauges, and calibers, etc. Indeed, 
aside from the guns themselves everything for their mounting and 
service is i)rovided from this arsenal. 

Among these may be 'enumerated: 

Shot and shell from 12-inch B. L. mortar shell to 5-inch rnpid-fire shell 1, 754 

Blocks and shifting planks 3, 128 

Kollcrs 346 

Handspikes 122 

Skids 99 

Sling chains 38 

Gins 8 

Capstans 5 

Cradles 8 

Rammers and staves, assorted sizes 71 

Sponges an<l staves, assort^^il sizes 66 

Sets of testing toids, caliper an<l leveling tools, templets, etc 96 

Shot tongs, ])ineh and elevating ))ar8, sponge covers, trnnnion chains, trace ropes, 
chocks, tackle blocks, etc;. 

ALTEKATION AM) (H)NVE12STON OF CARRIAGES. 

The a|)proi)riation for the alteration and conversion of the 15-inoh 
and lO-inch smoothbore carriages has not been renewed, and the appro- 
priations for otlier carria<res bein^ specified, it would seem as if the 
work upon these old carriages had come to an end. It is my beliel 
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that there are a considerable number of 15-inch guns yet mounted in 
secondary sites upon the unaltered carriage, capable of only using 50 
pounds of powder at a charge, and as this piece is yet a part of our 
armament and many of them mounted on the strengthened carriage, 
with hydraulic cylinder, that there should be a small surplus provided 
for the exigencies of the service. There is not a single 15 inch altered 
carriage or a carriage for the 8-inch converted rifle in store. 

FOUNDKV. 

The size of gun carriages has been steadily growing since the com- 
mencement of the establishment of this plant five years ago. The 
designs and material have also changed. The greater part of the 
12 inch disappearing carriage, including the larger castings, are now 
made of cast iron, where formerly, and in the first designs of the smaller 
carriages, they were made of steel. The steel castings were bought by 
contract; we will make the iron castings in our foundry. The conse- 
quence is, that while under the old conditions the foundry was equal to 
the demands upon it, under the new conditions it can not produce half 
enough castings to supply the machine shop. It should be enlarged by 
its extension through to the end of the building in which it is located. 
It is advisable to make our own castings as well as forgings, not only 
for economical reasons, but to maintain standards. It is believed the 
Government has profited in several ways by the high qualities of the 
castings produced here. It has proved conclusively that large castings 
can be made right along absolutely sound, free from sand or blowholes, 
easy to work, tough, and strong. The iron in all of the larger castings 
runs uniformly in the neighborhood of 33,()00 pounds per square inch. 

Each part, cope ai»d bottom molds, of the l^-inc.h disappearing car- 
riage weighs, when dry, fully twenty-odd tons, and before it is put in the 
core oven it weighs fully 25 tons. This is too great a strain upon the 
2()-ton traveling crane in the foundry. We lost one mold and destroyed 
the flask by the breaking of the hoisting chain of the crane, and are 
liable to lose more right along. As the loss of a mold and flask means 
a loss of about $1,000, it would seem advisable to put in a crane of an 
increased capacity as soon as i)ossible. 

The brass foundry was occupied during a portion of the year, in 
addition to work on carriage castings, in casting breechblocks and 
breech plates for 8 inch, 10-inch, and 12-inch rifled guns manufactured 
at Waterviiet Arsenal. They were made of console metal, 55 per cent 
copper, 44^ per cent zinc, and one half of 1 per cent tin. An average 
tensile strength of 50,000 ptiunds and upward, with elongations of 30 
and 40 per cent, was readily obtained. Much depends upon the quality 
of zinc used in obtaining good results in this metal, and an addition 
of 1 i)er cent aluminum has a good effect. Thorough stirring just 
previous to and during the pouring of the metal prevents liquation, 
and blowing with a hand bellows upon the surface of the metal keeps 
dross and dirt from entering the mold. 

These castings were furnished at about 12^ cents per pound. 

FORGING DEPARTMENT. 

During the year the smith shop has been actively occupied in the 
manufacture of forgings, principally of steel. The largest piece forged 
was th<» gun lever axle of the 12 inch disappearing carriage. Therough 
billet, of No. 3 steel, weighed 8,840 pounds, and the axle, when rough- 
forged, about 8,400 pounds. The cost was about $500 for labor and 
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material, or about 6 ceuts per pound. The same forging could not have 
been bought by contract for less than 9 cents per pound, or about $750. 

Our facilities are not quite up to the requirements for handling, heat- 
ing, and forging such large pieces with speed and economy. With a 
sufficiently large furnace to heat the piece quickly, large enough crane 
to handle it readily, and a larger steam hammer to reduce the billet to 
shape, one of these axle forgings ought to be made for about $425, or 
about 5 cents per pound. Eough machined it ought to cost no more 
than 6 cents per pound, and this is of the highest quality of gun steel 
and a much more intricate shape than any gun forging. When the 
Government can buy the billets for steel forgings of any size or shape 
needed, in any quantity, whether for guns or gun carriages, it would be 
economy for it to erect its own forging departments. In this view it 
would be advisable to increase the facilities of the smith shop by erect- 
ing a larger furnace and putting in a 10 ton steam hammer and a 15-ton 
crane. 

During the year the smith shop has been reconstructed to a great 
extent. The furnace was rebuilt and made as large as the situation 
allowed. A larger boiler was put in place of the old boiler, which had 
become weak in places. This new boiler, like the old one, is located over 
the furnace, and is heated by the waste heat from the furnace. It is a 
very trying position for a boiler, as the great heat from the forced draft 
strikes its near end with much force, but the saving of fuel in a year 
probably more than equals the cost of a new boiler. 

A bolt-heading machine, capable of making bolts up to 2 inches 
diameter, has been put in, and eft'ects a great saving in the cost of bolts. 
Our bolts must be very excellent, and of better material and make than 
can be bought in the market. 

A very great saving of power has been made in the reconstruction of 
the smith shop by locating the blower in the machine-shop cellar, where 
it can be kept clean and its belts free from the gases and dirt of the 
smith shop, and by the erection of a I5-horsepower engine to run the 
shears, bolt machine, and a couple of small trip hammers, supplied also 
with steam from the boiler over the furnace. This enabled us to do 
away with the long shaft through the smith shop, run by wire trans- 
mission from the machine shop. In this manner a saving of some 40 
horsepower per day is estimated, while the appearance of the shop has 
been improved and the convenience of operations greatly increased. 

POWER PLANT. 

The boiler plant has been reconstructed and renewed entire during 
the year. The four boilers of 50-hor8epo wer cai)acity each were removed 
and three boilers of about 125 horsepower, at 76 pounds pressure, were 
put in, but placed perpendicular to the old line of boilers, to admit the 
entrance of a narrow-gauge track for bringing in coal. The boilers 
were tested to 200 pounds water pressure per square inch. They are 
considered to be fully capable of sustaining a steam pressure of 130 to 
150 pounds per square inch, should it be deemed advisable to put in a 
compound engine. 

Our machine-shop engine of 150 horsepower is overloaded, and the 
power reciuires to be nearly doubled. This will be done very soon, as 
the money is available for another engine. The delay now is occasioned 
by efforts to secure the utmost economy of space for the increased 
engine plant. 

Considerable study has been given to the (]ue8tion of the relative 
economy of a high-speed or low-speed engine, simple or compound, and 
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to the most economical fuel — whether lump anthracite coal, pea or 
buckwheat anthracite coal, or soft coal. We have been running for 
years on lump anthracite coal, delivered in the bin or boiler house, or 
wherever needed, at an average price of about $5.10 per ton of 2,240 
pounds, which is about $4.55 per short ton. 

In addition to the machine-shop engine, our boilers supply steam to 
the carpenter- shop engine of about 75 horsepower and to the testing- 
department engine of 15 horsepower. There has been a draft upon the 
boilers (two of them only in operation at one time, the third reserved 
for extra occasions) ordinarily in summer of steam for 200 horsepower, 
and when all the tools are running in the carpenter and pattern shop, of 
225 horsepower, and this upon a consumption of about 6,500 pounds 
l)er day of eight hours. 

The boilers are of the ordinary horizontal tubular type. 

It is stated that an ordinary jierformance for a noncondensing engine 
is 4 pounds of coal ])er hour per horsepower; hence 200 horsepower x 8 
hours X 4 pounds = 0,400 pounds would be the daily consumption 
at this rate. This allowance of coal is probably high. Our consump- 
tion is about 3.J pounds of coal per horsepower per hour. It is true 
that there are boiler plants giving better results, but a thorough study 
of the problem of cheap power involves more time and skill than in the 
rush of work imposed upon us we ccmld give it. Indeed, the setting up 
of temi)orary boilers, the removal of the old ones, and the erection of 
new, using the old smokestack, whose capacity is completely exhausted 
by the present boiler plant, was (juite a serious hindrance to the steady 
pressure for work. We shall have to await more leisurely times before 
undertaking a solution of the most economical boiler plant question. 

ELECTRIC PLANT. 

An electric lighting plant was installed during the year. The gener- 
ating plant consists of one multipolar dynamo, with a capacity of 50 
K. W., General Electric Company's make, directly connected to a high- 
speed engine of about 75 horsepower of the Ideal pattern, operating 
about 45 arc lights, 275 incandescent lights, and some 20 portable lamps 
distributed throughout the shops. 

Arrangements are being made for operating one of the large cranes 
in the erecting shop by electricity. 

The specifications for the electric plant will be found in the appendix 
to this report. 

The plant was in operation for several months of the year, and gave 
entire satisfaction. 

The engine and dynamo are so located in the room that duplicates 
can be placed there whenever necessary, there being ample space. 

The contract price of the entire plant ready for service was $5,610^ 
the General Electric Company being the contracting parties. 

ENLARGEMENT OF PLANT. 

The amount an<l character of the various work orders given this 
arsenal in the last several years indicate the fixed policy of the Depart- 
ment — that it is not only to be used as a heavy gun carriage factory, 
but in ad<lition supply all the machines for garrison service and for 
mechanical maneuvers. Being situated upon a navigable stream, with 
railways convenient, and centrally located with respect to the larger 
harbors and big cities of our exposed seaboard, in the midst of numer- 
ous manufactories and skilled workmen, it would seem that the work 
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assigned this arsenal would rather increase than decrease with the 
accomplishment of our system of coast defense. As time is required 
to build shops and buy machine tools, the work of enlarging this arsenal 
to meet the growing demands of the service should be entered upon at 
once. The size of the plant and its capacity should conform generally 
to the size and capacity of the gun factory, but the amount expended 
in recent years in enlarging and improving it is hardly one-tenth that 
expended on the gun plant. Barely sufficient money has been appro- 
priated to reconstruct the old establishment and build accessory shops. 
The plant should be duplicated, so that in an emergency the present 
output could be doubled. We have progressed far enough with our 
carriage and other work to know just what machines will be required. 

TESTING DEPARTMENT. 

During the year the testing department has carried on, as heretofore, 
public tests in the examination of material for acceptance representing 
the current work at this and other arsenals and places where Govern- 
ment work is in progress. 

Investigative tests have been continued; also tests made for private 
parties who have availed themselves of the use of the testing machine 
and have defrayed the cost of such testing, as provided by law. 

The public tests of material for acceptance include material for field 
and siege guns, howitzers, and seacoast guns and mortars, the test of 
steel for small arms barrels and receivers, and for machine guns. 

The material used in the 8-inch, lOinch, and 12-inch disappearing 
carriages, and anchor bolts for the same, have been tested. 

Material from a 12-inch mortar carriage recoil cylinder that burst in 
service was examined. 

There were tests of helical springs for 7-inch mortar carriages, balata 
slabs for buffers, cast and pig iron from the arsenal foundry, steel plate 
for the new 72 inch arsenal boilers, chain iron, cast copper, cylinders 
for pressure gauges, bronze breech plates and loading trays from 
Watertown Arsenal foundry, material all of which pertained to the 
Ordnance Department. 

Tests of steel bars were made for the Engineer Corps, U. S. A., chain 
cable for the Li<j:ht- House Board, a large swivel shackle for the Bureau 
of Equipment, Navy Department, and shot lines for the Life-Saving 
Service. 

Among the investigative tests are additional experiments on tlie 
hydrostatic test of the 8-inch tube section, supplementary to the main 
series of tests, which has been completed. 

The scope of the investigation of this tube section has been so extended 
as to include all cases of simple strains and nearly all combinations of 
simultaneous orthogonal strains to which the tube of a gun would ordi- 
narily be exposed. 

The exact results, confirmatory as they have been to accepted for- 
muLe, are believed to have a value fully justifying the large labor 
involved in carrying out this unusual series of determinations. 

Heretofore in these tests the strains have been maintained within the 
elastic limit of the metal. Preparations are now being made to follow 
with overstraining forces and investigate the efi'ects thereof. 

The elastic ])ropertie8 and tensile strength of steel music wire have 
been determined. The grade of steel employed and the process of man- 
ufacture causes this wire to represent the highest strength attained 
with any of the materials of construction, and they show a decided 
advance over earlier tests reported in this class of material, one variety 
running as high as 462,000 pounds per s^iuare inch. 
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Additional samples of *' vibration proof" bolts and nuts were sabmit- 
ted by the manufacturers for test as to their ability to withstand unlock- 
ing while subjected to vibratory influences. The tests made confirmed 
earlier experience and failed to substantiate their claim to being vibra- 
tion proof under the condition of jarring with hammer blows, the method 
of testing which was adopted. 

A number of samples of granite from the State of Georgia, contrib- 
uted by the Geological Survey, were received and tested. There were 
brick and terra cotta from the Pacific Slope and from the State of Ohio. 

Other tests of building material comprise the test of an important 
series of cement concrete cubes and columns. The columns were of 
dift'ereut heights and laid up of different proportions of cement, sand, 
and gravel. 

The ultimate crushing strength of the material was ascertained, and 
complete observations made on the compressibility and resilience under 
successive increments of loads. In this class of material, by varying 
the proportions of the constituents it is possible to exert a controlling 
influence on both the ultimate strength and the rigidity, as shown by 
the modulus of elasticity of the columns. 

The prominence which concrete construction is assuming makes the 
data developed by these tests of much practical value in architectural 
designs. 

The strength of cordage was ascertained in another exhaustive series 
of tests. The experiments included manila, hemp, sisal, and cotton 
rope in the various commercial sizes, from a 6-thread manila line to a 
10-inch rope. 

In addition to the usual determinations of ultimate strength, data 
relating to the elastic properties were ascertained, the influentje of 
wettiug on the length of the rope, when loaded and when free from 
stress. The effects of wetting are found to be more complex than 
popularly supposed, and not in all cases accompanied by a contraction 
in the length of the rope. Under some conditions of loading the imme- 
diate efi'ect of wetting is a slight stretch. 

The strength of manila and hemp fibers was shown to exceed 100,000 
pounds per square inch. 

Measurements of the several strands and individual threads of a 
strand taken from a piece of rope of a given length show, from the 
variation in length of the elements, wherein a rope must necessarily 
sustain loads of greatly differing intensity on the different fibers, and 
illustrate why a fractional part only of the aggregate strength of the 
fibers is realized in the finished rope. 

With the complete tests of the various commercial sizes and the 
examination of the elementary features of rope construction, the elastic 
properties and behavior of wet rope, together with the strength of 
knots, hitches, and splices, which was also ascertained, it is believed 
the present series furnishes more complete data on this subject than 
has heretofore been brought together, and will serve as standards for 
reference where a knowledge of the strength and behavior of ropes is 
required, aiding in the comparison of present methods of manufacture 
with such improvements as the future may bring about in this impor- 
tant industry. 

A limited number of samples of steel-wire rope were tested, repre- 
senting types differing in size and number of wires, including those 
with and without jute cores. These samples represent rope intended 
for different purposes to meet requirements of strength or flexibility, 
as the case niav be. 



184 APPENDIX 17. 

There was a series of tests on full-sized wooden posts. New posts 
of long and short-leaf pine, and spruce and old long-leaf pine posts 
from a building where the latter had been in use for a period of about 
fifteen years. 

In the tests of new sticks posts were taken from the butts, from the 
middle, and from the tops of the trees and the difference in strength 
due to position thus ascertained, approximately, it may be stated as 
100, 90, and 80 for butts, middle, and tops. The posts represented 
dilferent degrees of dryness of the wood, the percentage of moisture 
being ascertained after the test by cutting out a short section of the 
post in the vicinity of tlie place of fracture. 

The strength of the old posts, which were in a state of extreme dry- 
ness, largely exceeded the strength of the comparatively green sticks, 
and also was greater than the strength of timber which had been in 
the yard for a period of two years. 

There were a number of charred posts from the upper stories of the 
building, in which there had been a conflagration a number of years 
ago. Necessarily much practical value attaches to the tests of posts 
which have been exposed to such vi(;issitudes in use. 

The occasion of installing a battery of new boilers into the arsenal 
plant gave the opportunity of making some observations on the behavior 
of riveted joints in actual construction supplementary to the tests of 
joints in the testing machine. The boilers further afforded the oppor- 
tunity of obtaining data upon the general behavior of different details 
in steam-boiler construction, all of which information assists in the 
application of results obtained upon material in the testing machine to 
the varied conditions of constructive experience. 

The boilers were examined over the joints, and on corresponding 
gauged lengths on the solid sheet, the strains in the vicinity of the 
manhole, the contraction in length of the shell while under hydrostatic 
pressure, the elongation of the tubes under the same conditions, and 
the examination of the bending strains at the roots of the flanged heads 
incident to the contraction of the shell and the expansion of the tubes. 
All of these features are included in these observations. 

The meager information pertaining to the actual stresses in steam 
boilers gives special importance to this class of tests. 

In the chemical laboratory analyses have been made of all material 
of unusual strength or other unusual physical properties, and a suffi- 
cient number of determinations made to indicate the composition of the 
steel ordinarily used in ordnance construction. 

Photographs have'been taken of material under test, and the appear- 
ance of specimens after rupture shown. 

In order to show the range in the amount of hygroscopic water 
absorbed by or lost by ropes exposed to atmospheric conditions, weigh- 
ings have been ^ade of samples from time to time extending over a 
period of several months. 

Other work accomplished in the testing department in addition to 
the direct work of testing, has been the designing of an apparatus for 
the endurance tests of shafts, a G-specimen machine, in which the 
stresses may be made to alternate from tensile to compressive stresses 
of equal magnitude, or where either tensile or compressive stresses, one 
or the other, may be the greater, the opposite stress being diminished to 
zero or even alternating between a maximum and minimum value of 
the same kind of stress. 

These combinations are made possible by applying simultaneous bend- 
ing and endwise stresses to the rotating shafts. 
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With the introduction of various grades of steel possessing high 
physical properties in the testing machine, the importance of ascertain- 
ing the endurance of the metal under conditions analogous to those of 
service becomes the more apparent. The endurance of metal under 
repeated stresses might reasonably be supposed to indicate the most 
desirable manner of attaining these high physical properties, whether 
by chemical composition, mechaniciil means, or by heat treatment. 

An impact machine has been designed. This is of the vertical type 
and will admit of attaining velocities of about 20 feet per second. The 
parts of the apparatus have been designed very massive for the pur- 
pose of obtaining great rigidity under the shock of testing. 

So vague is the information at present available on the subject of 
impact that elementary tests are necessary to establish a working basis 
of operations. 

One of the ends constantly kept in view in the design of the vertical 
impact machine was to provide suitable machinery for acquiring funda- 
mental data; hence in the present machine it is expected to ascertain 
and define the resistance in detail encountered in the deformation of 
material by sudden applied loads. 

It is proposed to introduce microscopic metallography in the investi- 
gation of constructive materials and the appliances necessary to this 
end have been obtained. The intimate relations existing among tests 
by impact, the effect of heat treatment, tempering and annealing of 
steel, the eff'ect of repeated stresses and internal strains, are such that 
much aid is expected from the microscopic inquiry. 

It is further expected that the facilities afforded by the standard 
comparator will be of importance in certain investigative directions, 
and microscopic research be accessory to investigative work of impor- 
tance heretofore impracticable to undertake. 

The apparatus already provided for and that which has been designed 
should be considered collectively as well as in detail, as each part will 
reinforce the others and aid in filling breaks in the continuity of present 
information. 

The room set apart on the second floor at north end of the testing 
laboratory for a museum of interesting specimens has been provided 
with (!ases for the reception of material and already contain specimens 
which have been reserved for exhibit. In time past a large amount of 
valuable instructive material has been lost for want of a place where 
it might be carefully preserved. There is, however, an almost constant 
tendency to accumulate interesting material in the testing department, 
and the present facilities for the collection of specimens will be imme- 
diately improved. 

Including the report of 1896, the proof sheets of which have been 
read, there has now emanated from the testing department sixteen 
annual reports, "Tests of metals," etc., and the seventeenth volume is 
in course of preparation. 

These reports cover a wide range of material, and from the nature of 
the case information on a given subject is often disseminated among 
several reports covering more or less remote periods of time. 

It is believed that a compilation of the data embodied in these sev- 
eral reports might with great advantage be brought together in a con- 
cise form and published in a special volume, classifying and arranging 
the data according to subjects. 

Such a volume should i)resent the general results thus far developed, 
following substantially the same method as adopted in the several 
annual reports — that is, presenting the facts of the tests, omitting the 
expression of opinion and comments upon the results. 
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NORTH BEACON STREET. 

The matter of the condition and control of North Beacon street is 
calling for some definite settlement. April 5, 1824, the President of 
the United States gave a revocable grant to the Waterford Turnpike 
Corporation for the passage of a turnpike road through the lands of 
the United States at this arsenal. This road is now a part of North 
Beacon street, one of the main avenues of travel between Boston an<l 
Watertown and the towns beyond. The turnpike corporation long ago 
passed out of existence and the road reverted to the United States. It 
is, however, used by the public, and is nominally under control of the 
town of Watertown. But it is in bad order for travel, very little repair 
is ever made to it, and no police supervision is exercised over it. It is 
unsafe for travel at night by reason of want of police control. An act 
of Congress should grant the road to the town of Watertown. 

WHARF ON CHARLES RIVER. 

The wharf upon the Charles River, for which there was an appropri- 
ation, has been completed in a most workmanlike and substantial man- 
ner. It will last as long probably as there will be any occasion for an 
arsenal at this point. 

A railroad connecting the wharf with the shops and the Fitchburg 
Railroad is being built. We will very soon be enabled to ship our car- 
riages by rail or water, as seems most desirable or economical. 

ADMINISTRATION HUILDlN(f. 

The absolute necessity of a larger administration building for this 
arsenal makes itself more apparent from day to day. Our work has 
steadily increased for the last five or more years, and office work has 
increased in a greater ratio. Without sufficient clerks and thorough 
office system no manufacturing establishment can be carried on satis- 
factorily or successfully. 

We employ now an average of 275 men. To keep the time of these 
men accurately, so that we may know the cost at an^ time of each and 
every item of manufacture, or part thereof, requires a more detailed 
system of time cards than has obtained here in the past. Our pay rolls 
have to be made out very hurriedly in order to pay the men at an early 
day of the succeeding month. The records of the office have to be kept 
up to date. Contracts for materials under the law are being made 
almost every day. Receipts and issues are of daily occurrence. We 
have all the office details of a private manufacturing establishment, 
and in addition that required on Government account. I find a private 
establishment of this magnitude would employ at least a dozen clerks 
and typewriters. We have four clerks and one typewriter, not half 
enough office force to inaugurate or maintain a thorough and efficient 
system of administration. Yet the office building has not room for 
another clerk. 

Records and office books of all kinds should have safe storage and 
be readily accessible. Officers who have technical duties to perform 
require at times a room free from interruption. There should be rooms 
available for tlie meeting of boards, courts martial, etc. If a meeting 
of the civil service board is called, it should not be necessary to drive 
officers or clerks from their desks. If a court-martial convenes to try a 
soldier, it ought not to be in the office of the ordnance storekeeper with 
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his clerks endeavoring to perform their ftinctious. . The draftsmen's 
room should be easily gotten at by foremen in search of prints or like 
information, and not where, practically, they have to pass through the 
commanding officer's office to get them. It is a wonder that we are 
able to accurately keep our accounts, make intelligent estimates, or 
answer promptly and correctly the thousand and one questions that 
arise right along in the administration of an army manufacturing estab-' 
lishment charged with new types of gun carriages, and all the imple- 
ments and equipment of seacoast fortifications, a steadily growing and 
changing affair. Only a very lively interest in one^s duties, far beyond 
the perfunctory performance of duties and extending beyond hours of 
labor, enables the officers and clerks at this arsenal to do the work 
devolved upon them. I can not urge too strongly the necessity for a 
better administration building at the earliest opportunity. 

I desire to express my acknowledgment of valuable assistance ren- 
dered me by the following officers, assistants at this arsenal : 

To Capt. Frank Baker, Ordnance Department, for work in connection 
with the building of the wharf on the Charles River; 

To Capt. F. E. Hobbs, Ordnance Department, for work in connection 
with the clinometer for graduating elevating arcs of gun carriages; 

And to Lieut. C. B. Wheeler, Ordnance Department, for work in the 
preparation of the specifications for the electric plant. 

(10222— Enc. 135) 
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A STRlDINd CLINOMETER FOR GRADUATING THE ELEVATION CIRCLES 

OF GUN CARRIAGES. 

(1 plate.) 

As its name indicates, this instrument was devised to provide a 
means of accurately graduating the elevation circles of gun carriages. 
The various forms which an instrument to accomplish this purpose 
might take and the various ways in which it might be applied to the 
mounted gun were fully discussed before any work was undertaken, 
and there seemed to be no objection to the decision finally arrived at 
that the clinometer should be of striding form and be applied in the 
axis of the gun at the muzzle. The necessity for any modification of 
the instrument or means of its application has not developed in the 
limited amount of use to which it has been put. 

The instrument consists of a tubular base B (see accompanying 
drawing), to which are attached the supporting legs L, the arc C, and 
the movable vernier arm A. The metal parts are of brass, except the 
graduated surfaces of the arc body and the vernier, which are silver. 

The base is stiffened by a vertical rib I, which is made in one piece 
with the arc, and the ends are closed by caps screwed in. The legs are 
open at an angle of 90o and the bearing surfaces are slightly rounded. 
The arc is securely fastened into the base and has on one side the silver 
surface bearing the graduations. A division on the arc is ten minutes, 
and, by means of the vernier, readings are made to one minute. 

The vernier arm is attached to the base by means of the lug E of the 
stifl'ening rib and pivots on the screw S, the axis of which is the arc 
center; the arm carries the principal level G, the cross level D, the 
vernier V, the adjustable reading glass R, with its attaching arm and 
glass shade, and the clamp screw K. 

The levels have means provided for vertical and lateral adjustment; 
the bubbles are sensitive, and the glass tubes are accurately ground 
and graduated. One division of the graduations on the principal level, 
0.15 of an inch long, corresponds to twenty seconds of arc and one 
division on the cross level, 0.1 of an inch long, corresponds to one min- 
ute of arc. 

A holder H is provided for holding the clinometer in place when it is 
being used. This holder is fastened to the supporting cylinder by the 
* clamp screw M, and permits the clinometer to be adjusted laterally by 
means of the opposing tangent screws T. 

The clinometer is applied to the gun by being mounted on an axial 
cylindrical projection from a cylinder closely fitting the bore of the gun 
and placed in the muzzle. On the drawing the 8-inch cylinder Y is 
shown in an 8-inch gun N. The diameter of the cylinder is 7.997 
inches, the length 24 inches. The axial cylindrical projection J (which 
is actually the end of a bar passing through the cylinder) is very accu- 
rately finished at Z, the seats for the clinometer legs, while a shoulder 
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at O gives a constant position for the instrument and prevents slipping 
when using it at the higher elevations. Cylinders are also provided 
for guns of 10 inches and 12 inches caliber. The axial projection is 
finished to exactly the same dimensions on all the cylinders. 

The instrument weighs about 4 pounds, and a neat packing case, with 
carrying strap, is provided for its storage and transportation. 

The method of using the instrument is simple, but requires that very 
great care should be exercised ; not that it is particularly delicate, but 
Oil account of the sensitiveness of the level bubble, which should be 
free from irregular temperature effects. 

The bore of the gun is first thoroughly cleaned at the muzzle for a 
length at least as great as that of the cylinder. The cylinder is then 
inserted its entire length until the stop on its face bears against the 
muzzle. As the fit of the cylinder is very close, care should be taken 
to have it thoroughly clean and to avoid burring up the surface as it is 
being inserted into the muzzle. Either dirt or a burr will cause slight 
inaccuracies in the graduations to be made. 

See that the seats for the clinometer legs are perfectly clean. Fasten 
on the holder. Set the arm at zero. 

The instrument is habitually handled by the base. Note especially 
that in putting the clinometer in x>ositiou or in removing it that it 
should be placed or lifted with both hands, grasping it at the ends of 
the base, and also in setting the vernier arm the clinometer should be 
held with the left hand grasping the base while the right hand operates 
the clamp screw. 

Place the instrument in position and adjust laterally by the tangent 
screws of the holder until the cross-level bubble is in the center of the 
tube, or very nearly so. Note especially that these tangent screws 
should never have a hard bearing against the base; permit a play of 
Hcveral thousandths of an inch, or even so much as a hundredth of an 
inch, and in replacing the instrument in position bring it to touch 
against one or the other of the screws. The tube of the principal level 
is so accurately ground that slight inclinations either way, as shown by 
the cross level, will have no effect on the position of the bubbly in the 
principal level. 

Elevate or depress the gun until the bubble of the principal level is 
in the center of the tube; reverse the instrument to test the adjust- 
ment; if out of adjustment, correct by the usual method employed for 
8])irit levels, one-half the error by the opposing nuts and one-half by the 
elevation of the gun. Kepeat until the adjustment is perfect. It may 
be noted that with so sensitive a level as is on this instrument if the 
bubble return on reversing to within one-half a division of its original 
])ositi()n rlie adjustment may be considered sufficiently accurate for the 
work to be done. 

The «»rii(luati()n of the elevation circle or arc may now be made. In 
j:eneral it will be sufficient to mark everv ten minutes. These ten- 
]iiinute spaces can be divided in the shop when the graduations are 
cut. The graduation should be checked by elevating and depressing 
the gun to several specified graduations. It has been found in practice 
that an api)roximation, in setting to a specified graduation, within the 
limits plus and minus, about eight seconds is as close as can be made— 
i. e., in a number of attempts the extreme variation noted will be about 
as stated. 

The instrument is reversed for graduations in depression. 

(I0L>L>L>— Enc. 136) 
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SPECIFICATIONS FOR AN ELECTRIC LIGHTING PLANT AT WATERTOWN 

ARSENAL, WATERTOWN, MASS. 

GENERAL. 

It is the purpose of these speciticatious to cover a complete electric 
lighting plant delivered and installed at Watertown Arsenal, Water- 
town, Mass. It shall be understood and agreed that these specifications 
shall be fulfilled in their true intent and spirit, and that any apparatus 
or appliance essential to the proper and convenient operation of the 
system shall be supplied without extra charge, even though not specific- 
ally called for, in order that the plant shall be complete and first-class 
in every particular when turned over for inspection and acceptance. 

The contractor shall begin work as soon as possible, and the work 
shall be prosecuted with rapidity consistent with thoroughness and 
good workmanship. The contractor shall personally, or through an 
authorized representative, constantly supervise the work from the begin- 
ning to its completion and acceptance. 

He shall furnish the necessary transportation, labor, apparatus, and 
materials to com])lete the work, and whatever else may be necessary for 
its protection until accepted. 

He shall at all times, until its completion and final acceptance, pro- 
tect the work, apparatus, and materials necessary for performing the 
work as specified from accident or other damage, making good any harm 
thus done at his own expense. He shall also make good any injury to 
the buildings while the work is being prosecuted. 

Any doubt as to the meaning of these specifications or any obscurity 
as to the wording of them will be explained, and all directions and 
explanations necessary or proper to make more definite any of the pro- 
visions of these specifications and give them due effect will be given 
by the commanding officer, and such directions and explanations shall 
be binding on the contractor the same as if they had been contained 
herein. 

Whenever the contractor is not present, orders will be received and 
obeyed by the authorized representative or overseer who may have 
charge of the men employed on the work. 

WORK, LABOR, AND MATERIALS. 

All work contemplated by these specifications shall be executed in a 
workmanlike and substantial manner to the satisfaction of the com- 
manding officer, and the workmen shall be only those especially fitted 
for the work given them to do. All materials shall be of the highest 
grade and the best the market affords. Whenever requested, samples 
shall be submitted for examination or test. 

Additional work will be allowed only on the written order of the 
comnianding officer, and specified work shall be omitted or changed 
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ODly by written agreement between the contracting parties. The addi- 
tion or rebate for such added, omitted, or changed work shall be mutu- 
ally agreed upon, the amount to be stipulated in the order of agreement. 

REPLACE3IENT OF DEFECTIVE MATERIAL. 

No material furnished, n(>r work done, is to be considered as accepted 
which may be deficient or defective in any of the requirements of these 
specifications, in consequence of any negligence of an inspector or other 
authorized person to point out such defect or deficiency during the exe- 
cution of the work, and the contractor will be required to rei)lace any 
inferior material or correct any imperfect work whenever discovered. 
He must also remedy any defects from the above causes for a period of 
ninety days after the acceptance of the work. 

SPECIAL DEVICES. 

Every bidder is expected to include in his proposal not only every- 
thing called for in these specifications, but also any special methods or 
devices peculiar to his system which will add to the safety, complete- 
ness, or efficiency of the plant. 

SAFEGUARDS AND Dl^BRIS. 

Contractors must provide all necessary safeguards from accidents to 
persons or property; must keep all passages, entrances, etc., free from 
debris and incumbrances, and on completion of the work must remove 
from the arsenal all surplus material of every kind and description. 

PLANS. 

The contractor shall make the necessary plans for the lay out of 
dynamo room, giving detailed dimensions and the necessary data for 
foundations. These plans will be submitted for approval before the 
work is commenced. The foundations will be built by the Ordnance 

Department. 

CrENERATING PLANT. 

The generating plant shall consist of one multipolar dynamo directly 
connected to a high speed engine of suitable capacity. When dynamo 
and engine have not the same base, the separate bases shall be so con- 
nected together as to insure rigidity. 

The dynamo will have a capacity of 50 KW., or 434 amperes at 115 
volts at about 300 revolutions. It will be compound wound and over- 
compounded for a loss of 5 per cent in the lines. The armature shall 
be of the ironclad type, so arranged as to be thoroughly ventilated by 
means of air ducts not less than one-half inch in width, and shall be 
made of laminations dovetailed into projections of the armature spider, 
by which construction no bolts pass through the core, the laminations 
being thoroughly insulated from each other by means of a coating of 
japan or other insulating material. The machine shall be equipped 
w ith carbon brush holder and brushes, and the commutator shall be of 
such dimensions that the current density shall not exceed 30 amperes 
per square inch under the full load rating of the machine. 

The machine shall be guaranteed to run for ten hours on full load 
without heating in either jirniature or fields more than 35° O. above the 
surrounding air. 
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The dynamo shall be guaranteed to carry 25 per cent overload with- 
out appreciable sparking and without excessive or dangerous heating. 
The brushes shall be capable of remaining fixed for considerable changes 
in load. 

The efficiency of the machine at full load shall not be less than 91 per 
cent, at half load 89 per cent, and at (quarter load 85 per cent. 

The dynamo shall be equipped with a suitable rheostat of the car- 
penter enamel type, adapted to be mounted in the back of the switch- 
board, with the handle only in front. 

The generator shall be noiseless and free from vibration when run- 
ning, and have self-lubricated bearings. The high-speed engine fur- 
nished shall have a capacity of at least 75 horsepower. It shall be 
double-acting and noiseless, and free from vibration when running. 
The bearings shall be self-oiling. The engine must have an automatic 
governor and be fitted with hand and automatic relief valves. The 
engine furnished must be equal to the Ideal, Payne, or McEurn. 

When the engine is acting with the normal steam pressure the gov- 
ernor must act so that the maximum variation in speed shall not exceed 
2 per cent when the load is varied either slowly or suddenly from full 
load to one-fifth full load and back. From full load to no load and back 
the allowed maximum variation will not exceed 4 per cent. The engine 
must steady itself at once and no hunting will be allowed. 

When the steam pressure is varied from 20 pounds below the normal 
to 20 pounds above the normal the variation in speed will not be greater 
than 2 per cent of the speed at normal pressure. 

After the plant is installed the contractor will make such tests as the 
commanding officer shall require, including the following: 

The insulation resistance of the dynamo circuits before and after a 
continuous run of ten hours, and the copper resistance of shunt series 
and armature coils, and the heating of the various parts of the gen- 
erator. After the heat run the generator shall be run to obtain its 
external characteristic curve and indicator cards shall be taken at the 
various loads. 

The engine shall be tested for governing and cards shall be taken at 
the different loads to determine the efficiencies. 

Bidders will furnish drawings of the generators and engines which 
they propose to furnish. 

SWITCH BOARD. 

The contra<3tor shall furnish and install a suitable switch board in a 
convenient location near the generators. The switch board shall be con- 
structed of enamel slate 1^ inches thick, set in an angle-iron frame with 
polished brass supports. The board will be so constructed that extra 
panels may be added, if necessary. The switch board shall be adapted 
for the generator above described and for eight separate sets of feeders. 

All connections to instruments and switches shall be made on the 
back of the board with solid rolled copper. 

All connections shall be based on a standard of 1,000 circular mils 
per ampere, assuming that the copper is 96 per cent pure. 

xVU joints and connections shall not heat appreciably above the tem- 
perature of the surrounding air at full load. On the face of the board 
will be mounted the following instruments and switches: One Weston 
round-pattern ammeter, 550 amperes; one pilot lamp; one Weston round- 
pattern volt meter, 125 volts ; one ground detector with necessary switch ; 
one Carpenter enamel rheostat (handle only in front) ; eight double-pole 
feeder switches; one triple-pole single- throw dynamo switch. 
ORD 97 13 
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All switches to have the necessary fase studs and fuses. 

All switches to have an ample margin above the present calculated 
c{ii)acity and to be clearly marked to indicate their capacity and to have 
the name of the manufacturer. 

All switches shall be of the type that has the approval of the under- 
writers for similar class of work. 

In addition to the above switijhes to be mounted on the switch board, 
the following will be sui)plied and installed: 

Carpenter shop. — One double-pole switch, 30 amperes. 

Testing room, — One double-pole switch, 15 amperes. 

Paint shop, — One double-pole switch, 5 amperes. 

Office building. — A 5 or 10 ampere switch in each room to be lighted, 
for controlling the lights in that room. 

Museum, — One double-pole switch, 10 ariiperes. 

FounHry, — One double-pole switch, 40 amperes. 

CABLE CONNECTIONS. 

The dynamo shall be connected with the switch board by rubber-cov- 
ered cables of 250,000 centimeters capacity; these cables to be taken 
from the connecting lugs of the dynamo and run on porcelain insulators 
in a neat and substantial manner. The field wires shall be No. 10 B. & 
S. and shall be run to the switch board in brass-armored conduit sup- 
ported by porcelain cleats. 

AVIRING. 

The contractor shall wire to the outlets complete, furnishing every- 
thing necessary for a complete and first-class installation. All wiring 
shall be done with triple-braid weather-proof wire of approved pattern 
and shall accord in every way with the requirements of the New Eng- 
land Insurance Exchange. 

All wires, with the exception of those in the office, testing room, and 
museum, shall be run on porcelain insulators and cleats. 

Insulators and cleats shall be of approved design and shall be run in 
a neat manner and secured to the walls and ceilings with screws. 

All wires shall be run taut and parallel to side walls. 

Wherever wires pass through walls and partitions they, shall be 
bushed with porcelain tubes. At the entrances and exits of buildings 
the strain from the wires shall be taken by bracket blocks with double 
petticoat insulators. These blocks shall be supported by iron brackets 
held in place by expansion bolts. 

Should the si)ace between the buildings where the feeders or mains 
pass exceed 100 feet, a suitable number of cedar poles shall be installed 
to relieve the strain. Such poles shall be securely set in the ground to 
a depth of (J feet and supplied with cross arms, insulators, pins, and 
braces, complete. All poles shall be painted two coats of white lead, 
or su(;li color as the commanding oflicer may direct. The poles shall 
be 30 feet long and not less than 6 inches across the top. In the test- 
ing room and ofiice all wires shall be incased in neat wooden mold- 
ings. All moldings shall be painted on the inside with two coats of 
insulating paint. After the wires are installed the exterior of the 
moldings shall be painted to match the surrounding woodwork. The 
wires in moldings shall be rubber covered, with outride protection of 
braid. 

There shall be eight main circuits or feeders which shall be controlled 
at the switch board, as follows: 

No. 1. Starting from the switch board, one set of two wires to the 
center of the foundry and foundry extension building. 
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No. 2. Starting from the switch board, one set of two wires to the 
center of the erecting shop. 

No. 3. Starting from the switch board, one set of two wires to the 
center of the south wing. 

No. 4. Starting from the switch board, one set of two wires to the 
center of the north wing. 

No. 5. Starting from the switch board, one set of two wires to the 
center of the smitli shop. 

No. 6. Starting from the switch board, one set of two wires to the 
center of the carpenter shop and from there to the paint shop, testing 
room, museum, and laboratory. 

No. 7. Starting from the switch board, one set of two wires to the 
office building. 

No. 8. Starting from the switch board, one set of two wires to the 
stables. 

From the end of the feeders mains and branches shall be distributed 
to feed the arc and incandescent lights in accordance with the distribu- 
tion below described, these mains and branches being of such capacity 
that there shall be a loss not to exceed 2 per cent between the end of 
the feeder and the lamps at full load. 

The loss or drop of potential shall not exceed 5 per cent from the 
switch board to the farthest lamp when each and every lamp is in use, 
and the drop between the switch board and the euds of the feeders shall 
not exceed 3 per cent under the same conditions. 

The wires shall be calculated allowing a possible increase of 25 per 
cent of lamps in each building, except those to the erecting shop, which 
may have 50 additional lights, and the size of the wire shall be approved 
by the commanding officer before being installed. No size of wire 
smaller than No. 12 B. & S. will be used. 

DISTRIBUTION OF LIGHTS. 

The distribution of lamps in the different buildings will be approxi- 
mately as follows: 



Arc. 



North wing, first floor 2 

North ■wing, second floor 

Engine una dynamo room 

Boiler room 

South wing 

Smith shop 

Erecting shop 

Foundry 

Foundry extension 

Paint sliop 

Carpenter sliop 

Engine room and office 

Testing room 

Pump room 

Museum 

Laboratory 

Offlce building 

Stable 



Total 





I 

12 
4 

10 
6 
4 

2 










41 



Incan- 
dertcent. 



60 
58 
12 

2 
20 

2 
10 

6 
10 

4 
20 

3 

7 

4 
16 

4 
24 

8 



270 



In addition to these, 15 portable lamps distributed through machine 
and erecting shop. 

The distribution of the incandescent lights is calculated to give one 
incandescent light to each machine and two to the larger machines. 
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All of these lights should be capable of a lateral displacement of at 
least 5 feet, and* will have sufficient length of cord for this purpose. 

The distribution of all of the above lamps in the different buildings 
shall be determined by the purchaser at the time of installation, and it 
shall be understood that the purchaser may make, without extra 
charge, any reasonable amount of changes in same, provided he finds 
that the best results are not being obtained. 

SAFETY AND CONTBOLLINa DEVICES. 

All cut-outs and switches shall be double poled and mounted on 
bases of porcelain or other fireproof insulating material. 

Cut-outs shall be of the Edison plug pattern up to and including 15 
amperes. All larger cut-outs shall be of the Edison link pattern. 

All cut-outs shall be equipped with a full set of the proper fuses and 
plugs. A complete set in duplicate will also be furnished. 

Cut-outs will be grouped and placed, where possible, in such locations 
as to permit of easy access. All cut-outs shall be incased in neat wooden 
cabinets lined with sheet asbestus board one-fourth of an inch thick. 
Locks of all cabinets to be the same, and three keys are to be furnished. 

Lightning arresters will be installed where necessary. 

FIXTUBES. 

All outlets shall be equipped with fixtures complete. The contractor 
shall furnish and install flexible cord pendants at all incandescent out- 
lets except where otherwise directed. Pendants shall be equipped with 
a fused porcelain rosette, suitable length of cord, cord adjuster, key 
socket, and shade holder. There shall also be supplied with each incan- 
descent light either a 10-inch tin enameled shade or wire protector, as 
may be signified by the purchaser or where not otherwise specified. 

The testing room shall be supplied with polished brass brackets, key 
sockets, shade holders, and fluted porcelain shades, except over machine 
and desks, where a pendant will be used with porcelain shades, green 
on top and white beneath, about 10 inches in diameter. 

The museum over the pump room shall be supplied with four flight 
clusters complete, with keyless sockets, shade holders, and flat i)orce- 
lain shades, these four clusters to be controlled by a 10-amuere double- 
pole switch located at the head of the stairs. 

In the office the lamps shall correspond with those specified for the 
testing room, pendants being used over desks and where brackets can 
not be used. 

The lamps in the stables shall all have heavy wire guards with key 
sockets, etc., and shall be attached to the wall or be suspended by a 
cord, as shall be deemed most convenient at the time of installation. 
In addition to the other wiring, the contractor shall wire to and install 
24 outlet boxes throughout the shops where directed. These outlets 
shall be substantially constructed and installed in a safe manner. He 
shall also furnish 15 portable hand lamps, complete, with heavy guard, 
handle, key socket, attaching plug, and 25 feet of suitable cable each. 

Throughout the shops where required, on account of the overhead 
cranes, the arc lamps shall be suspended from wrought-iron brackets 
attached to the crane posts, and capable of swinging so that the lamp 
will not be struck by anything suspended by the cranes. 
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LAMPS. 

The contractor shall famish and install 41 arc lamps and 270 16-can- 
dlepower incandescent lamps, and 15 portable 16-candlepower incan- 
descent lamps, in accordance with the distribution above given. 

The arc lamps shall be of the long-burning 80-volt type, adapted for 
4.5 or 5 amperes, and shall be capable of burning one hundred and 
fifty hours without retrimming. The lamps shall be equipped with an 
opal inner globe and a clear outer globe, and to be entirely inclosed so 
as to be practically dust and water proof. Each lamp, when possible, 
shall be suspended from a porcelain hanger board, and shall be equipped 
with its own switch. 

The incandescent lamps shall be equipped with Edison bases. They 
shall be adapted for 110 volts and shall have an efficiency of 3J watts 
per candlepower and a fair average life of not less than six hundred 
hours. In addition to those installed. 30 extra incandescent lamps will 
be furnished. 

ACCEPTANCE. 

The contractor shall perform all work as before specified, leaving the 
same in perfect working order. Upon completion he shall furnish a 
competent engineer to operate the plant for a period of three days, not 
exceeding six hours each day, giving necessary instructions to the pur- 
chaser's engineer. 

The contractor will also, at his own expense, have an inspection made 
of the entire plant by an inspector of the Insurance Exchange, and his 
approval obtained before the plant is accepted by the commanding 
officer. 

(10222— Enc. 138) 
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lySTBUCTIOXS FOR THE INSPECTION OF TELESCOPIC SWHTS. 

1. Examiue the telescope by measuring its aperture iu inches, its 
focal distance in inches, and its magnifying power. The best method 
of determining the magnifying power is by the use of a double image 
dynameter, but it is not necessary to employ such an elaborate appara- 
tus in the present case. It will suffice to take the clear aperture of the 
objective between the points of a pair of dividers and prick it down on 
a piece of paper. Then, with the same pair of dividers and a magnify- 
ing glass, take the diameter of the pencil of light emerging from the 
eyepiece, and find how many times tliat is contained in the clear aper- 
ture of the objective by using the last opening of the dividers to step 
the distance between the dots laid down when the objective was meas- 
ured. The result will be the magnifying power. Finally, examine the 
detinition of the telescope and note whether or not it is satisfactory. 

An accurate (leteriiiination of the focal distance of the telescope is not necessary. 
The telescope being focused on a distant object, it will suttice to measure the dis- 
tance from the front of its objective to the pointers, and then deduct two-thirds of 
the thickness of the object glass. 
For determining the field of view the following method is suggested: 
When the telescopes of the sight and transit instrument are collimated on each 
other, the diameter of the tiebl of view can be determined by pointing the transit 
first on one end of the diaphragm and then on the other, reading the angles, and 
taking the ditterence. 

2. With a good Brown «S: Sharpe micrometer caliper, measure the 
diameters of the steel trunnions, first the forward one and then the rear 
one. With care there is no diflifulty in making this measurement to 
one live thousandth part of an inch (0.0002- inch), and if the two trun- 
nions ditVer more than that the instrument should be returned to the 
maker for correction. 

(X. B. — This test can also be made by means of the striding level.) 

3. When the vernier on the arc- reads zero, the axis of the sight trun- 
nions, the axis of the telescope level, and the line of collimation of the 
telescope should all be rigorously parallel to each other. To examine 
these adjustments it is necessary to liaveastand on which to place the 
trunnions, a striding level ^ to level them, and an engineer's Y-level. 
To make the examination, place the trunnions on the stand, level them 
with the striding level, make the cross level read zero, and then by 
means of the altitnde screw of the gun sight make the level on the tel- 
escope read zero. This will bring the horizontal plane passing through 
the axis of the level parallel to the horizontal ])lane passing through 
the axis of the trunnions. Then see if the vernier reads zero on the arc. 
If it does not, either make it do so by means of the proper adjusting 
screws or note the error. 

The vernier is a<l.justed by means of two set screws, one at either end of the ver- 
nier, so arrange<l tijMt by unscrewing one of th«'( screws and screwing up the other 
the vernier can V»e adjusted in the required direction. 

'The tube of this level should l)e graduated to twelfths of an inch and numbered 
contimionsly from one end to the other. The bubble should run 1 inch for a change 
of inclination of 5' of arc. 

199 
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Next focus the telescope of the gun sight on a distant object, 
set up the engineer's Y-level, focus it on a distant object, adjust 
it carefully to indicate a level linfe, and make sure that there is no 
parallax in the eyepiece of either telescope. That being done 
and the telescope of the level being coUimated on the telescope of 
the gun sight with the object glasses 2 or 3 inches apart, look into 
the telescope of the level and see if its horizontal wire coincides 
with the horizontal pointer in the gun sight. If there is any error, 
note its amount. It can probably be corrected only by the maker, 
because there is no convenient means of adjusting the pointer in the 
gun sight. This test shows whether or not the line of sight of the tele- 
scope is parallel to the axis of the trunnions in the horizontal plane. 
It yet remains to be seen whether it is parallel in the vertical plane. 
For that purpose revolve the sight on its trunnions through an angle 
of 90^, so as to bring the cross level vertical, and then^ having again 
brought the engineer's level into position, look through it into the tele- 
scope of the gun sight and notice whether or not the wires of the level 
cut the extreme tip of the horizontal pointer when the drift scale reads 
zero. If they do, all is well; if not, by means of the micrometer at 
the eye end of the telescope move the horizontal pointer until its 
extreme tip touches exactly the horizontal wire of the engineer's level. 
Then unscrew the cap which carries the eyepiece and closes the eye 
end of the telescope. When that is done the horizontal scale will be 
exposed, and it will be seen that it is held in place by two small screws. 
Loosen these screws, shift the scale so as to make its zero coincide 
accurately with the pointer, tighten the screws so as to clamp the 
scale firmly, and replace the cap which carries the eyepiece. If these 
operations are properly performed the horizontal scale will be brought 
into perfect adjustment; but it should be again tested with the engi- 
neer's level to make sure that such is the case. 

4. Turn the gun sight down on its trunnions so as to bring it into its 
normal ])osition, suspend a plumb line before the telescope at as great 
a distance as is convenient, and rotate the whole gun sight on its trun- 
nions until when the telescope is moved in altitude the extreme tip of 
the horizontal pointer follows the plumb line. When it does this accu- 
rately the cross level should read zero. If it does not, adjust it by 
means of its screws. 

This is done as follows : 

Unscrew, by half a tarn at a time, each of the two screws of the level jnst suffi- 
ciently to admit of a piece of paper being inserted underneath it. 

The paper must be rectangular, having a piece cut out of it in order that it may 
envelop the screw on three sides. One thiokness of foolscap paper raises the level 
about 1'. 

If the pointer was to the right, raise the level on the left side; if to the left, on 
the right side, by means of the piece of paper put underneath. 

Finally, screw the screws home equally and with moderate force. Reapply the 
test, and if found correct, make a scratch across the heads of the screws on to the 
metal of the sight. If not correct, the operation must be repeated. 

This will make the axis of the level parallel to the horizontal axis of 
the telescope if the gun sight is accurately constructed. To ascertain 
whether or not such is the case, repeat the test with the trunnions of 
the sight at the greatest angle of elevation which will admit of the 
telescope remaining horizontal. If any sensible error exists, the sight 
must be returned to the maker for correction. There are no adjusting 
screws for that purpose. 

6. It is important to determine the degree of sensitiveness both of 
the telescope level and of the cross level. To determine the sensitive- 
ness of the telescope level, bring the bubble to one end of its run by 



INSPECTION OF TELESCOPIC SIGHTS. 201 

means of the altitude screw on the telescope and note the reading on 
the arc of elevation. Then by means of the elevating screw bring the 
bubble to the other end of its run, and again read the arc of elevation. 
The difference of these two readings is the amount of arc correspond- 
ing to the distance traversed by the bubble in passing from one end of 
its run to the other. This should be at the rate of not less than 1 inch 
for ten minutes of elevation. There seems to be no convenient way of 
testing the sensitiveness of the horizontal level, except by taking it off, 
fastening it on the telescope, and then testing it in the same way as 
the telescope level. 

6. To determine the value of the horizontal scale of the gun sight, 
set up a theodolite in such a position that its telescope coUimates into 
the telescope of the gun sight, and measure on the limb of the theodolite 
any convenient number of the divisions of the horizontal scale of the 
gun sight, taking the same precaution in focusing before collimating 
as was done in (3). Dividing the arc thus measured by the number of 
divisions will give the value of each single division. 

7. To test the vertical arc, the most convenient plan will be to fasten 
the instrument on a stand with the vertical arc lying horizontally and 
point the telescope on some distant object in such a direction that the 
vernier is near one extremity of the arc. Read the arc, and then point 
on another distant object so situated as to bring the vernier nearly to 
the other extremity of the arc, and read the arc again. The difference 
of these two readings will be the angular distance between the objects. 
Then remove the gun sight, set an ordinary theodolite in its place, and 
measure the angle between the same objects with it. If all is right, the 
arc measured by the theodolite should be the same as that indicated by 
the gun sight. In making this test care must be taken to place the 
center of the theodolite as nearly as possible in the position which was 
occupied by the axis of the telescope of the gun sight. The vertical 
limb of the transit may be used for the same purpose when there are 
facilities for doing so. 

(N. B. — If it is thought best, collimating telescopes can be used 
instead of distant objects.) 

8. It is worth while to note that the zero of the micrometer divisions 
on the screw for changing the elevation of the telescope can be adjusted 
to make it agree with the zero of the arc. For that purpose, loosen the 
two small screws on top of the brass head, then turn the ring carrying 
the divisions into the proper position, and again tighten the two small 
screws. 

9. To test whether or not the pointers move horizontally when they 
are deflected from the center — or, in other words, whether or not they 
move parallel to the rotation axis of the telescope — that can be done 
either with the engineer's transit or with the engineer's Y-level. The 
telescope of the gun sight being adjusted so that its rotation axis and 
its line of collimation are both horizontal, and the telescope of the engi- 
neer's instrument being horizontal andcolUmated upon the telescope of 
the gun sight, when the horizontal pointer should coincide with the hor- 
izontal wire of the engineer's instrument, and if the pointers move 
horizontally the coincidence should remain undisturbed when they are 
deflected to either side of the fleld of view by means of their micrometer 
screw. If the pointers do not move horizontally, they will rise above 
the horizontal wire of the engineer's instrument when deflected to one 
side of the field and fall below it when deflected to the other side. 

10. Besides the preceding, each sight will be carefully examined for 
the following defects: Lack of strength and rigidity in the framework 
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and telescope tube; a loose fitting of the screw thread of the hoasing 
of the objective iu the tube; failure of the sight to retain its elevation 
and deflection readings upon a slight jar being given it; parallax of the 
pointers with reference to the image; backlash between the worm spin- 
dle and rack; lack of agreement between the readings of the vernier 
and the corresponding ones on the micrometer screw ; missing, defect- 
ive, or broken parts; and, in general, any feature which will detract 
from the serviceability of the sight. 

A METHOD FOR PLACING A TELESCOPIC SIGHT ON A GUN TBUNNIGN, 

Make the gun horizontal by a sensitive and accurate level placed on 
the breech. Clamp securely, but not too tightly, the sight bracket to 
the right trunnion. Set the sight at 0° elevation and place it in its 
bracket, making the cross level read zero. Move the bracket until the 
telescopic level indicates horizontality. Now tightly clamp the bracket, 
and then drill and tap the trunnion for the screw holes, previously 
removing the sight. Secure the bracket by its screws. Replace the 
sight; make the cross level read zero. If the level of the telescope does 
not read zero, as it should, make it so by filing down the higher V. 

The horizontal plane containing the line of sight is now parallel to 
that containing the axis of the bore. 

To bring the line of sight into a vertical plane parallel to that con- 
taining the axis of the bore, procure two bars perfectly straight and 
graduated from about their centers, one to the right and the other to 
the left. One bar is for the muzzle and the other for the breech. Each 
bar has sliding on it a sighting piece provided with a vernier scale 
reading to .001''. 

The sighting piece for the breech bar will have a peephole, and that 
for the muzzle bar preferably cross wires. 

The burs are clamped to the breech and muzzle and both made truly 
horizontal, their zeros being at the center of the bore. The sight should 
be at zero detiection and its lineof collimation truly parallel to the axis 
of the sight trunnions. Place the sight in the bracket and bring the 
cross level to zero. Look through the telescope and move the sighting 
l>iece on the muzzk*, bar until the cross wires are cut by the line of 
sight. Xow reverse the sight in its bracket and adjust the cross level. 
Look through tlie line of sight and bring the sighting piece on the 
breech bar until its ])eephole is cut by the line of sight. If the line of 
sight is in a vertical ]>lane j)arallel to that containing t lie axis of the bore, 
both graduations should read alike. If not, Dy tiling away equally the 
right side of one V and the left side of the other, or conversely, depend- 
ing on the readings, they can be made to read alike. 

Another method for bringing the vertical plane of the line of sight 
parallel to that containing the a\is of the bore is as follows: Bring the 
two sighting pieces until they read alike and are approximately over 
the telescope. Sight at a point Jibout 4,000 yards distant, using the 
sighting i>iect*s, and bring tlie line of sight of the telescope on the same 
point by lUing away e(inally the side of one V and the left side of the 
other, or conversely, d(*pen(ling on the position of the distant point with 
rei'ercnce to the line of sight. 

1). W. Flagler, 
Brigadier-General, Chief of Ordnance. 

Office of the Chief of Oudnanck, V, S. Army; 

WaahiiKjton^ 1>. 6'., July 14^ 1897, 
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report of principal operations at the sandy hook proving 
ground for the fiscal year ended june so, 1s97. 

Sandy Hook Proving Ground, 

August 21, 1897. 

Sir : I have the honor to submit the following report of the principal 
operations of this post during the fiscal year ended June 30, 1897 : 

Firings for experimental and proof purposes have been conducted 
daily during the year whenever the weather and other circumstances 
would permit. The objeot of these firings and the nature and charac- 
ter of the work done at the batteries are summarized in the appended 
tables. • Detailed reports of the results of these firings are not included 
in this report, as they have already been submitted to the Department 
from time to time by the Ordnance Board and this office. 

machine shop. 

In connection with the installation of the new machine tools men- 
tioned in my last report, a wing has been added to the machine shop, 
the central i)ortion of the floor of which is provided with a broad-gauge 
track connecting with the regular railroad system of the post. Cars 
containing guns, the heavy parts of carriages, etc., requiring repairs, 
can now be run directly into the shop for that purpose. The etticiency 
of the shop is thus greatly increased, and the changes and repairs con- 
stantly required in connection with experimental firings and tests can 
now be etiected with much greater promptness and economy than 
heretofore. 

RAILWAY. 

The railway pertaining to this post, and by which connection is made 
with the Central Railroad of New Jersey, continues to be a source of 
great convenience and economy in the movement of heavy ordnance 
and the material used by the Quartermaster's Department in building 
of the new post of Fort Hancock. 

During the montli of November a heavy easterly gale carried away 
about 3,r)(K) feet of the narrow neck of sand which had joined the res- 
ervation to tlie mainland of the State of New Jersey. Fortunately 
tlie i)iles of the trestlew<nk built over this nock were driven about 
5 teet into clay. This trestlework was therefore in no way injured by 
the storm. It has, however, been found necessary to extend it 1,350 
feet in order to maintain the necessary connections. This work was 
done at the expense and under the direction of the Quartermaster's 
Department. A great reduction in the cost of transportation, not only 
directly but on account of the competition with water transportation, 
has resulted from the existence of this trestle, fully justifying the 
expenses incurred in its erection. 

203 
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ELECTRIC PLANT. 

An electric plant for exterior illamination, the lighting of officers' 
quarters, and for use in connection with experimental firings and tests 
has been installed at the proving ground under the efficient manage- 
ment of Lieut. George Montgomery, Ordnance Department, assistant 
proof officer. For the plant there were already on hand a high-speed 
engine and dynamo, purchased in May, 1895, as a part of an electric 
hoisting plant. To complete the plant called for the purchase of a 
storage battery placed in position, wiring of the office and officers' 
quarters, and the purchase of fixtures. 

Charging plant — The engine is of the high-speed type made by 
Struthers, Wells & Co., of Warren, Pa., and has a capacity of about 
40 horsepower. It is supplied with steam from the same boiler that 
supplies the machine-shop engine. The regulation of the speed depends 
on the governor, the engine not being provided with an automatic cut- 
olf. The bed])late of the engine is bolted to a concrete foundation, 
which replaced one of 12 by 12 inch timbers before the lighting plant 
was installed. The object of the change was to reduce the vibration 
to a minimum. 

The dynamo is a compound- wound bipolar machine, Thompson- 
Houston manufacture, and has a capacity of about 44 kilowatts. It has 
a voltage of 220, but the shunt tield is provided with a rheostat of large 
resistance, which enables the voltage to be reduced and varied for the 
purpose of charging the storage battery. A switch board of black wal- 
nut was made at the proving ground, and has mounted on it a switch 
for closing the charging circuit and a Weston voltmeter and ammeter 
for the i)roper working of the machine. To prevent all possibility of 
the battery current reversing the polarity of the machine, the series-coil 
connections were removed, and the dynamo is now worked as a shunt- 
wound .machine. The normal output of the dynamo in charging is 25 
amperes at a pressure varying between 160 and 185 volts, depending on 
the charge in the storage battery. It is readily seen that the maximum 
output is only a fraction of the capacity of the dynamo. 

The dynamo is driven by a belt connection with the engine. Both 
are located in a small frame building forming an offset to the boiler 
house. 

The charging mains, of No. 6 (B. S. gauge) weatherproof insulated 
copper wire, carry the charging current overhead a distance of 1,200 
feet to the storage battery located in the cellar of the office building. 
The loss in transmission is about 12 per cent. A 175-volt vibrating 
bell is placed in the boiler house, one of the charging mains forming one 
circuit and the ground the other. It forms a means of communication 
between the battery room and boiler house and saves the time spent in 
sending a messenger to the boiler house every time it was necessary to 
stop, start, or alter the charging current. 

The storage-battery plant — This battery was furnished by the Electric 
Storage Battery Company, of Philadelphia. The battery consisted of 
63 capacity cells and 9 counter E. M. F. cells to regulate the pressure 
in the lighting mains. 

Each capacity cell consists of 6 positive plates and 5 negative plates 
immersed in acid in a glass jar. Each negative plate occupies the 
space immediately between two adjoining positive plates. The positive 
plates in each cell are all burned to a common bus bar, and in a similar 
manner are the negative plates. 
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Each bus bar has a lug which makes electrical contact with the next 
lug in the adjoining cell, the positive lug being clamped to the negative 
one. The positive plates are of lead, formed by rolling up corrugated 
lead ribbons in a cylindrical form and forcing them into cylindrical holes 
in the plate itself. The corrugations are to increase the surface on 
which the acid acts. The negative plates are of lead, but formed by the 
chloride process. In this process a square-shaped lozenge is formed of 
a lead chloride and oxide set in a matrix of lead. The process of charg- 
ing at foimation removes the chloride and oxide of lead, giving a large 
surface for the action of the acid. In the cell the positive and negative 
plates are kept apart by rubber hairpin separators. The acid used is 
dilute suli)huric acid having a specific gravity of 1,200 when the cells 
are fully charged. The process of discharging oxidizes the negative 
plate and deoxidizes the positive one, and at the same time the acid in 
the jar, acting on the positive plate, converts it into a lead sulphate. 
The acid in the jar therefore falls in specific gravity. The process of 
charging converts the negative plate into pure lead and the positive 
plate into peroxide of lead, removing the sulphate and therefore raising 
the specific gravity of the acid. 

The counter E. M. F. cells are simply lead plates, having very little 
capacity, and therefore develop quickly a high electro-motive force. The 
acid in them is kept at a specific gravity of 1,100. The glass jars rest 
on sand in wooden trays, and these last are each supported by 4 oil 
insulators which rest directly on the tables. The oil insulators are in 
two parts, having a cavity between them which contains the oil. The 
object of these insulators is to prevent leakage in the battery. 

The battery room is provided with 4 wooden tables resting on con- 
crete pillars about 16 inches high. The tables have a thick coating of 
asphaltum to prevent the action of the acid on the wood. Each of 
3 tables carries 22 cells, while the fourth — a smaller one — carries 6. 

The battery room is located in the cellar of the office building. It 
was formerly an unused room, and by putting in a concrete floor and 
larger windows an ideal battery room was obtained. 

An elaborate switch board of marble, black enameled, was placed in 
position with the battery. This switch board is provided with a Weston 
voltmeter, a two-way reading Weston ammeter, a three-point switch, a 
Lewis cut out switch, a ten-point regulating switch, and a charging 
and discharging double-pole knife-edge switch. The charging and 
lighting currents pass through the overload switch — usually set to open 
at about 35 amperes — and the voltmeter and ammeter give indications 
for both currents. The Lewis cut-out switch is intended only for 
charging. It consists of a bridge coil, and a series coil which polarizes 
the moving part of the switch when the pressure at the terminals of 
the bridge coil equals the correct amount, the switch closes, and the 
charging current passes through the series coil, the effect of which is 
to increase the magnetic pull on the moving part. When the dynamo 
slows down, the battery pressure exceeds the dynamo pressure, the 
current reverses through the series coil, demagnetizing the moving 
part, compelling it to open, thereby breaking the circuit. It generally 
opens at from 5 to 10 amperes. This switch is an efficient safeguard 
against injury to the dynamo. The regulating switch maintains the 
pressure on the lamps at the desired amount by throwing in or out the 
counter E. M. F. cells. When the battery is fully charged the voltage 
of each reads about 2.07, and that of the battery will be 63 x 2.07=130.4 
volts. By leaving 9 counter cells in series with the battery the total 
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j)ressiire is reduced to 130.4—9x2=112.4 volts, which is about right 
for 110-volt lamps, allowing 2 per cent loss in the mains. When the 
cells are nesfrly discharged and read about 1.8 the total pressure is 
1.8x03=113.4 volts, and one counter cell maybe left in or thrown out, 
as 113.4 volts is not an excessive pressure, considering the loss in the 
lighting mains. 

The capacity of tlie battery is 25 amperes for eight hours. The 
voltage of the lamps is 110; and they demand about one-half ampere 
per lamp of 16 candlepower. The number of 16-candlepower lights 

25 

that can be maintained for eight hours is, therefore, :. ,4>, or 50. The 

cai)acity of the battery is such as to give sufficient light for two winter 
evenings, without charging. 

Besides lighting, tlie battery is used in the office for the call bells, 
the annunciator, the anemometer, and the Bouleng6 chronographs, as 
well as for firing and testing purposes. It enables us to dispense 
entirely with tlie primary batteries, which had been used exclusively 
for these purposes. The storage- battery cells, on account of their 
internal resistance being negligible and having a constant voltage for 
small currents, furnish the very best type of cell for the chronographs, 
or, in fact, for any work in which an absolutely constant current is 
essential. 

Each Boulenge chronograph is provided with a group of four cells in 
the battery, and the resistance of the wires is made so small that it 
enables the current for both registrar and chronometer to pass through 
a make-and-break switch near the instrument. This switch breaks 
the currents in both the registrar and chronometer simultaneously, 
eliminating any error in the time of disjunction, except that due 
directly to the magnets themselves, and replaces the disjanctor, which 
had always been a source of error. 

It is intended to use the battery for operating the shatter in the 
Scjnier photochronograph, and such cells of it as may be desired for 
oi)erating the circuits. 

The battery wiring is done entirely with No. 6 copper wire, okonite 
insulation. 

The maintenance of the battery is trifling compared with a primary 
one. About twice a week the cells are refilled with water to replace 
loss by evaporation, and to maintain the specific gravity at 1,200. 

It is very seldom that the cells demand any acid. Readings are taken 
of each cell with a low-reading voltmeter, at the completion of the 
(jliarge, and usually about twice a week. It is only in case of a cell 
snlphating from an overdischarge or an accidental short circuit that 
great care and attention are demanded; and such condition can not 
obtain if the battery is worked within reasonable limits and the cells 
are kept clear of foreign material. 

The icirhifi and fixtures. — At the terminals of the discharging switch 
on the switch board in the battery room are the lighting mains for the 
oflice and officers' quarters. The office mains, of No. 12 copper wire, 
G rimshaw white-core insulation, lead to a double-pole knife-edge switch, 
with fuse and mounted in a slate-lined box, and from the terminals of 
this switch to the first floor, where the cut-out box is located. From 
the cut out box proceed four separate lighting circuits of the same size 
wire which feed the lami)s directly. In the cellar and on the walls the 
wires are carried in hard-wood molding, and on the ceiling they are 
carried in porcelain cleats. 

The lighting mains for supplying the officers' quarters are lead-cov- 
ered insulated cables No. 0, the conductor being stranded. They are 
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carried under ground, each cable in a 2-incb pipe, for a distance of 400 
feet. Tiiey lead directly to a double -pole knife-edge switch, with fuse, 
in the cellar of the officers' quarters, and which controls the lights in 
that building. From this switch two mains of No. 3 insulated copper 
wire, in brass-covered conduits, carry the current to a cut-out box on 
the second floor. Eight lamp circuits leave this box and feed the lamps 
directly. The wiring in the officers' quarters is all of No. 12, Grimshaw 
white-core insulated copper wire, and each is carried in a single circular 
loom tube. The tubing is completely concealed. The cut-outs are all 
double pole, of porcelain, and, like the controlling switch, are mounted 
on slate. The size of the wire and the distribution of the lamps on the 
different circuits are such that the drop in potential, from the cut-out 
box to the farthest lamp, with all the lamps burning, is less than 2 per 
cent. The chandeliers in the vestibule and halls are controlled l)y 
Cutter flush switches. The wiring for the hall lights on the flrst and 
second floors is such that it enables one in either hall to turn on or off 
both lights simultaneously, a feature of great convenience. 

With the exception of the hall light, which is a bracket fixture, and 
one wall socket light in the cellar, drop lights are entirely used in the 
office. The lamp cords are suspended from the rosette cut-outs screwed 
to the ceiling, and attached to Edison sockets. 

The cellar of the officers' (juarters is provided with drop-cord lights, 
but the rest of the building is furnished with electroliers and brackets 
in antique brass, fitted for Edison sockets. 

Two exterior lights, one in front of the office and the other in front 
of the officers' quarters, are supplied from lead-covered insulated wires 
placed under ground and controlled, one from the office and the other 
from the officers' quarters. 

The number of 110- volt lamps required are 62 for the officers' quar- 
ters, 22 for the office, and 2 for exterior lighting. The total number 
is 86. 

Maintenance of the system. — The maintenance of the system calls for 
no additional labor. The engine and dynamo are attended to by the 
same man who fires the boiler and manages the shop engine. The 
enlisted man who formerly attended to the primary batteries now has 
charge of the storage battery plant. A watchman, in addition to his 
other duties, attends to the 10-point regulating switch, which demands 
only about three visits in the evening. The cost of the maintenance 
is therefore only the cost of the coal, the replacement of lamps, and 
repairs. 

The efficiency of the dynamo is 85 per cent; the average horsepower 

170x25 
exerted by the engine will be Qrw74g=^«7 during the time of charg- 
ing, averaging about three hours. The coal consumption is about 3 
pounds per horsepower per hour, which will amount to about 10 tons of 
coal in the year at a cost of $44. Burned-out lamps, broken glass jars, 
can be replaced, and other repairs made at a trifling additional expense. 
Fnder the conditions prevailing at this post, therefore, this electric 
plant fulfills all requirements in a more economical and efficient man- 
ner than by any other method that could be adopted for the purpose. 
Very respectfully, your obedient servant, 

Frank Heath, 
Captain^ Ordnance Department, U. 8, A., Commanding. 

The Chief of Ordnance, U. S. Army, 

Washington^ D. C, 
(9838— Enc. 22) 
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Statement showing kind and weight of United States property received at and skipped from 
the :Sandy Hook Proving Ground hy the Government railroad extending from Sandy 
Hook to Highland Beach, New Jersey, length 6 miles. 

Total received for Ordnance Department pounds . . 6, 737, 956 

Total received for life saving service do 89, 600 

Total received for Quartermaster's Department cars.. ^295 

Total shipped for Quartermaster's Department do * 5 

Total shipped for Ordnance Department poonds . . 3, 359, 895 

Total movement pounds.. 10,187,451 

Total movement cars.. ^300 

Number of cars loaded with United States property upon which the 

Government paid the transportation charji:es 96 

Number of cars loaded with United States property upon which the con- 
tractors paid the transportation charges: 

For the Ordnance Department 145 

For the Quartermaster's Department 300 

For the Life Saving Service 4 

449 

Total movement of ears 545 

Frank Heath, 
Cajttahi, Ordnance Department^ U, IS, A.j Commanding^ 

(9838— Eiic. 23) 
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Tabi^ I\', — Stiaeoatt gan$ — Continued. 
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Frank Heath, 
Captain^ Ordnance Department^ U, S. A,j Commanding. 
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SUMMARY 



OF TKSTS OF POWDERS AT SANDY HOOK PROVING 

GROUND, 



Sandy Hook Proving Ground, 

October 20^ 1897. 

Sir: I have tbe honor to submit the following summary of tests of 
powders furnished under contract with the Department or for experi- 
mental purposes during the fiscal year ended June 30, 1897: 

During the year firings have been conducted with powders furnished 
by the Maxim Powder and Torpedo Company, the California Powder 
Works (Peyton smokeless powder), the Laflin & Hand Powder Com- 
pany, the Messrs. Du Pont, and Dr. Volney. The objects of these 
firings have been to determine the ballistic qualities of the various 
samples submitted, these samples diff'ering from each other in the for- 
mula used in their composition, and the form and size of grain. Vari- 
ous kinds of smokeless powders were also used in tests of types of 
3.2 inch rifles, and incidentally were subjected to heat and cold, moist 
and dry air, respectively, before test. 

Guns of the following calibers have been used in the tests, viz: 
6-pounder, 3.2-inch, 6-inch, 7-inch howitzer, 7-inch mortar, 8-inch, 
lOinch, and 12-inch rifle, and 12-inch mortar. In the tables submitted 
herewith the results are separated according to the calibers of the 
guns and the objects of firings, the samples furnished by the different 
manufacturers being placed in separate groups of tables. 

MAXIM-SCHXTPPHAUS POWDER. 

The tests of this powder have been confined to samples for the test 
of a Gerdom 3.2-inch rifle, using metallic ammunition; the 6 pounder, 
and two rounds from the 6-inch rifle. The powder is no longer manu- 
factured under this name. 



3.2 INCH B. L. RIFLE, STEEL, GERDOM NO. 2, MODEL 1896. 



Date. 



Pro- 
Charge, j^^jjlg 



1896. 
July 9 
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1.496 I 24,800 
Lot 1,1896. 
Received Apr. 12, 1895. 
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Received Apr. 12, 1895. 
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1 



These two rounds were fired from i>owder stored 
in air-tight boxes since Aug. 19, 1895. Prior 
to that it waa stored in the original boxes sent 
by the manufacturer. ReoeivM Apr. 12, 18S0. 
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.2-ISVH B. L. RIFLE. STEEL, GKRDOH NO. 2, UODEL II 
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die No. U U, length i inch. Tbia powder waa I 

Buhmitted la a pure voitoD one. The grain la : 

tba aaiial MaxliB ODa- Icnnh. ) inob : diain- [ 

etar, /, inob, and piemed by 1 hotei ibnnighiHit ' 



»;x' 



e riBHloH llflbt gni; 

itteatofpuwdf 
— ■■X.- Thli 

idtbm Hredhot. 



'ilor doM not differ tcmn the 
■awderaabitilllodbythoiWD. 

1° about tGr 



11 im I TbiiiJH>iirderliofthaordiDaryM>mpoallion..t 

^»tm ' "'" ^<'»> amokeleu powder forlhlagun, bi.t 

^■JU; I ofanew ^nnloti«lid«lpi.>dtobeinora»uil.i- 

2»;e7o| 



2U,S10 

a. 1«) 'I 



■elenglbofthegrainiaitilDh. Tbedii' 
leilenated aa 2 B. and Ihe iWionla No. K: 
lor dT the powder ia ■ nhocol ate brown. 
■- "-'luppbana ar-"- •"- "~ ' " ' 



Incb in lunglb. Thi> oralDS of tbla powder 
are Dvllndrical, about f tnvb long and A Inrb 
In dismeler. The cvlfndara are piaroedwilb 



SJ 
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a.-MIfCH B. L. RIFLE. STEEL, QERDOU NO. Z, MODEL lS»e-f'r,nIiniie<l. 



15 It. 5 i,:i8a 



tmokeleas. balllatitu Ko. 2 B 
iltuiry Muxim. L.'DKtli. 1 1 



if i i!r«nii- 

ill, tllamp 
mtitniUnil , 



16. S I l.i» I 



iiDkeli'sa: bftUlatita <S^. Tlis gnlna | 

iK^o'.l.'i ure lyllDdricsl. alwiit 1 Inch | 

(uvioi'li ill diameter. Thu o-l'iile" ! 

■ M witli 7 bolM iu the dirwtiOD of i 



171 >S'2S l.SZS : 

U I8.2S 1.311 

■SI ie.3s i.%4 

17 W.M : I.4B7 



»iiiiiiiHmokt>lsiw,1alLM«p7. Tu< 
xfCity, wilog an iSi-pDUua pi 



2«.|ja [U2<, iliu>'o.»:. Tore.] 



'.'2| 18.25 ' UMl willO 



Mailtii-Si'liii|>|ibiiiii sniokclHii. Xo, 



laiini 8TiiDk>'Ws. BI-, Nn. 3 D.length | luvh. 
Tbiii powder Ims Ihe naual comp-wlti.m «ncl 

&LT." ibe ciilor of tlie Rnin t, ■ choooUts 
bniwD. rpon dlncliirge the powder gave 



3.143 M, 
i-I'OrMlEK l>KIG<JS-SCHRI)EllF.lt K, F 



S.OW 2S,iM Funt 
■J, 34» as, 533 Forn 



! Furn 



iiKd.I 



U.3Si . Dte3 A."^.....!.i 

14,IMi DIcSS 

The Enins if tbln JiotdiT (r<>ridiilii Kb. S3 
dleKo. 3111 aro i-j lindricul. oH.iiit j inch long wi 

l.'fiy'j bolM. Til 



,11 



,1 JiHiiiel^r. 



M.. ix ifonnulaNo. 87. '. 

lileniiH^ 111 [ill- iliiii'tiiiu or Ihair iotictb bv 7 
tinl(i>. Tbei«lariibntwii. 



5.INCH II. I.. RIFLB, STEEL, NO. K. 

iMulmSi'liiippbatia eniakelou. B3>.die No. t, for ' 
S-iucb ride. The gruinii of Ibia powder ue | 
oj-Undrioil; Imglh, 11 inobMj diameter, )t 
inch, and pienK:ea b;rhale« Id the diieetiou 
af Its length. The rolur i> a vhiieulale lirowD. > 
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PEYTON SMOKELESS POWDER. 

Tbis powder is mannfafitured by the California Powder Works, It 
bas been nsed during the year in the test of a Fletcher .1.2-inch rifle, 
asing metallic ammnnitiou. 

8.2-INCH B. L. KIFLB, FLETCHER U. F. (iDN. 



Dale. 


Charge. 


j6Cl"e. 


Voloc. 


p»..„„ 


„„..„.. 


18l». 


„„„~ 


Ptmni, 


*•««.■ 


Foundi. 




July B 


' 1*4 












161 


iv'.s 


l^llS 


W.<m 


To determine eharKe .iT Peyloo iiuiok.>l,-»a 




le 




t,i9B 


07, 4M 










.43H 






July 13 






.4M 


Brlnoo 








10. f. 


.491 


28,400 






i6 




.452 




Sams aa aboTC. Teal for balliaUc unifurmlLj . 




leS 




4Ii3 


«!4S0 






!».!•■ l.lSfl 


JB.IM 






III 


tft5 


lis 


Z8.4I20 


A foM-atomge («Bt uf powiier, reyton amnki^. 




ii 


ie.G 


■i 

,44B 


«:mo 

27,«e4 


then filed lold uid flreiT. 


jQly 14 






•1 


23,2*0 


A moiatur^ teat of eame poirdBr. The uowder 




1! 


|! 


»aa kepUor » dBya In ■ Dl»ed veaaeUalumted 
in it. and^lben fired without drying.™" 


July 15 


iS 


le:,', 1 lisiB 


Ii 


A wtitting lest of auoe powder. The powder 
A beat teat of auue powder. Thla powder wna 


July 17 


)6 


le s ' 1,449 


as 


kept Id ■ clowid boi for tbgnt T difl, eipoaed 


















theu fired. 










A heat leat or wmB powder. Tbla powder waa 




ifl 


I8.B 1,171 


28,700 


put In cartridea oaaee lud exposed to a If m- 






10. bI 1.*78 




peralu™ of IW^ to ISC^ F. for 7 d»ya, snd then 

w« IMled 1.V Bipoainrit in b fllo«/boi 1-, 
■Ir aaluntNT wuVmolature tVo.u n diah of 

rb'^iplrBt'on of wbleh'tb'e'^wd" lulk" 
A moiaiuTe («at of the aane powder. Tbla 






1 




July 18 




18, S 1,B«8 
10. E 1, 408 


wlzso 


























. powder waa plBce<l in a oioaed boi and lu sir 


Jnly M 


IB 


10.5 l,BH 


JS.OBO 






10. B 1 1.3B1 


IG,B40 


WBB 14 dBra, wbeo the powder wag taken out 




n 


ntt\ 1.405 

lfl.B 1,411 


»,M0 


md Bred without dtying- 
A nuilatnre le«t of l>a Poac'a auiokelean now. 
der. tot 1. ISH, coiupoailion "U." Reoiark: 
SuieupreeedlDg. 


July SB 


i» 


10. B ' 1.4(18 
10.0 1,4(W 


3S;flS 


aolosedboiatalwopenitureof lOiW to 120= 
F. Int IB davB. and tiren fired hot. 






10. B| i:47D 


3B.400 

3s.3eo 






1^ 





AHEBIOAH SMOXBLE8S POWDEB. 



This powder is now mannfactured by the Latlin & Band Powder . 
Compauy. Firings with this powder have been made only with th* 
3.2-iucb ritle, usin^ metallic ammunition, and the 8- inch B. L. riHe. 



TESTS OF POWDERS FOR CANNON. 
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3.2INCH GERDOM. 



Date. 



1897. 
Apr. 19 




Pro- 
jetitile. 



May 28 



Ovnees. Pounds. 



16 


16.5 


18 


16.5 


20 


16.5 


21 


16.5 



Veloc- 
ity. 



Feet. 

1,129 
1,254 
1,379 
1,444 



Pressure. 



16 

15| 

l«i 

16i 

16 

ISJ 

15i 



16.5 


1,460 


16.5 


1, 4H7 


16 5 


1,427 


16.5 


1,427 


16.5 


1,406 


16.5 


1,430 


16.5 


1,438 



Pounds. 

15, 200 
19.400 
22,900 
25,360 



26,660 
26,820 
24,000 
23,000 
22,160 
25,750 
26,990 



Remarks. 



Latlin & Rand's smokeless W.-A., formula No. 

8-4 
118, NN (13.0-10). Granulation, tubular, ~^ 

This powder is cylindrical, having a single 
central hole. Composition, KN(13.&-10). 

/LaHin Sc Rand's smokeless W.-A. 
for 3.2-iDch rifle NN (13.0-10). 
Formula No. 118. The grains 
of this powder are cylinarical 
and pierced with a central hole. 
The diameter of the ^rain is 
about 0.15 inch and is onite 
uniform. The color is fight 
brown and the powder has a 
homogeneous structure. The 
grains are brittle. 



1 inch long . 

>5| inches long 
4^ inches long 

2 inch long... 



8-INCH B. L. RIFLE, STEEL, No. 29. 



1896. 


Pounds. 






Sept 17 


50 
80 
85 
82 


301 
301 
301 
301 

• 


1,452 
2, 113 
2,400 
2,267 



14,256 
30,990 
40, 617 
37,000 



Laflin & Rand's smokeless, W.-A. The grains 
of this powder are liollow cylinders, about 22 
inches in length; outside diameter, } inch; 
inside diameter, about i inch. The color is a 
seal brown. After eacn discharge there was 
a large quantity of very light gray smoke. 
It was found impossible to thorougnly clean 
the bore with water and sponge after firing 
with this powder. A coating of slate color 
was left after washing. This can only be 
removed by scraping. Only part of the foul- 
ing on the mushroom head oould be removed 
bv washing. The deposit was of a brilliant 
black color, and can only be removed by scrap- 
ing. The bore and mushroom bead were 
coated with cosmic before the gun was flred. 
The magazine sergeant complained of a slight 
nitroglycerin headache after putting up thia 
powder. 



DR. yOLNEY'S POWDER. 

An experimental sample of smokeless powder furnished by Dr. Vol- 
ney, of New York City, was flred with the following results: 

6-POUNDER DRIGGS-SCHROEDER R. F. GUN. 



Bate. 



1896. 



July 24 



Pro 

C»»*^^«- jectil'e. 



Ounces. 



Pounds. 



12 
14 
13 
12 
12 



Veloc- 
ity. 



Feet. 



6 
6 
6 
6 
6 



1,850 
2.252 
2,066 
2,204 
2,017 



Pressure. 



Pounds. 



Remarks. 



20,800 
39,120 
32, 340 
39.420 
28,000 



^Dr. Yolney's smokeless for 6- pounder gun. The 
increased pressure and velocity were due to 
the inventor putting up a charge composed of 
thinner sheets than those used in the other 
rounds. This powder came in sheets about 
10 inches long, i inch thick, and of vanjring 
widths. It can Be rolled up, and in that con- 
dition it is placed in the cartridge case. The 
interior of the folded sheets has a sheet of 
thinner powder to act as an igniter, and was 
claimed to be a substitute for the black-pow- 
der igniter. Each sheet of the powder is com- 
Sosea of two layers, one being darker and 
enser than the other. The color of the pow- 
der is green, and appears to consist of fight 
green particles interspersed in a moredeciaed 
green matrix, giving the powder a speckled- 
appearance. The composition, given by the 
inventor, in 50 percent gun cotton, 30 percent 
ammonium picrate, and 20 per cent nitro- 
glycerin. Handling the powder discolors the 
hands in the same way that a handling of picric 
ncid, or it« componnds, does. The powder 
bears a stronger resemblance to French B. N. 
than any other powder tested here. 
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DU PONT'S POWDERS. 

Powders of all varieties — brown prismatic, black sphero-hexagonal, 
and smokeless — have been supplied by this company uuder contract with 
the Department. The smokeless powders were used in the test of the 
Dashiell and Seabury 3.1^- inch rifles, and samples of smokeless powders 
furnished by this company for the service .SOcaliber rifle were fired with 
good results from the 3.6-inch B. L. mortar. 

Broivii prinmutic powder. 
12-INCH B. L. MORTAR, STEEL, NO. 8. 



Date. Cbarse.l .^^[j;-^ ^'f^^^^" PresBure. 



Remarks. 



1896. 
Oct. Ift 



Pounds. \ Pounds. Feet. 



90 
95 



8U0 
80U 



1,077 
1,116 



PoundM. 
27, 773 
HI, 925 



|Du Pout'H brown prismatic!, sample 2(', 1896. 



12 INCH B. L. MORTAR, STEEL. TYPE. 



Doc. 21 



1897. 
Jan. 4 



Mar. 15 
Mar. 29 



90 
109 
116 



800 
800 
800 



1,021 
l.lll 
1,158 



90 


800 


1,021 


105 


800 


1,104 


110 


800 


1,148 


50 


800 


788 


52 


800 


817 


55 


800 


839 



22,160 
27,800 
31, 840 



Idu 



Pont's brown prismatit!, 8ami)Ie 2D, 189G. 



23,470 ') 

28, 440 , >Du Pont's brown prismatic, sample 2E, 1896. 
30.620 Ij 

19,090 ) Du Pont's sphero-hexaj^onal, sample 1 A, 1897, 
22, 180 / for siege guns and 12-mch mortars, 
oo 500 1/^*^ Pont's sphero-hexasonal, sample IB, 1897, 
' \ for siege guns and 12-Tncb mortars. 



12-INCH B. L. RIFLE, STEEL, NO. 19. 



Mar. 
Mar. 


11 
13 


360 
460 
475 


Mar. 


25 


475 
490 



1,000 

1,004 
1,003 

1,003 
1,005 



1.688 
1,936 
1,990 

1.023 
1,040 



25,818 ) 

35, 650 ! >Du Pont's brown prismatic, sample 1 A, 1897. 

41,867 ;J 

Dii Pont's brown priamatic, sample 2, 1897. 
This powder was not entirely consumed. Un- 
burned trains found in front of eun, and somi) 
were embedded in the timbers of the oak back- 
ing, 150 feet from gun. 



37, 057 
37,206 



L 



May 12 



12-INCH B. L. RIFLE. STEEL, NO. 14. 



475 I 1.003 2.088 48,519 
430 I 1,002 



\ 974 IS; 178 }l>" Pont's brown prismatic, sample 3, 1897. 



1896. 
Aug. 19 



460 
450 



12-INCH B. L. RIFLE, STEEL, NO. 16. 



1; 001 ' ?; 964 39! 210 }^" Pont's brown prismatic, sample IB, 1896. 



Sept. 23 



12.INCH B. L. RIFLE, STEEL, NO. 17. 



I 



385 ' 1.003 

450 i 1.003 

450 ; 1,004 

450 I 1.001 



I 



1.777 


20,586 


1.962 


30,622 


1.956 


37,688 


1,043 


37,326 



»Da Font's brown prismatic, sample IC, 1896. 



Oct. 29 



12-lNCH B. L. RIFLE, STEEL, No. 18. 



470 1,005 
470 ; 1,004 



1,930 
1.894 



38 142 (^" Font's brown prismatic, sample for r2-incli 
^' ^%rx \ rifle. A number of unbumed grains found in 
•*-^' 13^11 front of gun. 



1 



l».u. 


Ch«Kr 


Pio- 

Jectas. 


P™.Ht. 


Paundi 


Aug. 21 


270 




0.,t. 1 


S7B 


S77 


0>::L IB 




%t 
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TESTS OP POWDERS FOB CANNOH. 
Broum prUmatic povder— Continued. 
lO-Ii"CH B. L. RIFLK. STKEL, No. «1. 



I.BW JB,«7> if 



implo 2B, I3M. 
unple2C,lBB«. 



:(;H li. L. RIFLK, STEEL, KU. li 



A WW ( for 5-lucli rlUe and li-incb morHr. 

^^JS JDu PoDt'8 .ph«io-h»ng(.nal. »m,.l<< IB. 1. 



[FLB. S'i'KEL, NO. i: 



1,738 i 38, MO (°s.,^;".'i'ji''rtde'""^''"'' 



1.7M' 38,KiU!/ 



iDn Pant'H (pheru- 



,. RIFLK. STKEl 



gonal, MUDple No 


IS. for 


goiol. BUnple No 


a>, r.ir 


gonal, .uuple No 


1». for 


Bon.1. ».mpl.No 


18, for 


CDnal, Mtnple Su 


IT. ft* 


BOB J, wmple No 


18, tor 



a I'S^ "■**'; Dn Ponf. «pbe™.h.iftgoB»l, wunplBNo.8. for 
*5 , !.«« I 82.1»0;j giege gnna md 12-iiioh mortara. 

iDd Win Bnd Kith Dii Pont aunple of 
■-heiAgtmal powder for flii^ cannon 
L.j !_.. -..^^rf ..» rt-^r of nu^aolne 



I.T:ii I U.580 
1, 733 35. no 



In order to absorb ma[*tare. It i 
- ' - IbDHofaune 
□ufactunr* 



S-IXCH li. I.. RIFLE. STEBL, NO. 
45 1. 



BOS 


35,0m \£ 


78S 


33,300 {^ 




38.389 {^ 


7M 


39.B5S {^ 

1 



DaPon 


s-E's;'"^"' 


HxpteHo 


11, tot 




srHT.'—- 














n iphontbeiagona 




DnPon 




HniploKo 


13, for 


Do Pol 


n-js^'^'-' 


HmploNo 


14, for 



APPENDIX 210. 
Broic* priimalic potcder — Ciiiitiniii- 
i-lNCH 1!. L. KIFLE, STKEL. Xu. i 



!• Kn. 5. tor 



m. Putrndt. 

^, I 377 J a it siege CBnoDn snd I2-inch moiiBni. 

805 , is! BIO l| 

ms 33, 2W llDa Pont'B Hphero-hoiigonftl. Hmple Mo. S, far 



SxilMU 'iDu pDnt'a gphetD-heiuonal, umpla No. S, lor 

ITbia n>imd was lired wllh Da Font Mmpk of 
sphpra'liriiguual powder for «len cuuiod 
which had beeu Bpr«ftd on thn floor cMtlhoniAgA- 
ilne Tor li lionn In oidar lo ibcorb molBtnn. 
It ivsM flrtil (A compare resalU with tboati of 
the aaniE powder fired ■■ It ewoe from the 



SIXCH RODMAN SM<X>THBORE M. L. OON, No. U8. 



4521 
45SJ 



«3! 26. 4eu 

9*3 29,330 

ieS 23,300 

S» 27. 813 

»3 21.479 

029 20, 005 



noal, BMUple No. 1, 1S»^ 

M.L.guu. 

jfonft], eample No. lA.. 



18M, for IS-lncli S, 1 

)a Pont'e ■phern-he»gon>l, umplo lA, lg»T. 

for l.^-iiich S. H. gun. 
)ii Pont'n Bphsra-heiuonkl, umple No. a, for 

ISiufh S. £. guu. 
)u Pimt'a sphero-heit«mn«li wmpla Ho. i, for 

IMiioh S. B. gon. 
>u Pant'n Bphero-heiuoiul, umple No. 6, for 

IS Inch S. 6. gun. 



.''noktitai poicden. 
NDKli DRIliGS-SCHKOEDER R, F, GTJN. 



IW. 


Chargr 


ISM. 


OunHW. 


iM. It 




D«, la 


I9J 




is! 




1 



Vvl.«- 

llj. 


p™.„.; 




F'U 


























































i'?^ 


iil^n 










2.036 


—32.000 


' 




40,0^ 






msoo 





I pDut'n HtnakeleKH, uunpla No. 1, r»oeIv«d 
>ct.9.1Stf0. The'ermini of thifl powder ivo 
lat mgnan disks, about O.BS Incb on a side 
nil O.US inch thlok. They are gnphllad. 
I'he powder la CnmsIuoeDt. and vIieDbeldnp 
■i the llifht the color Is > greenish jsUow. 



aniokelen^ (*)No.2. NN (1I-S.40}. 



t) No.a.NN (11-S-2B, 



TESTS OF P0WDEB8 FOR CANNOH. 

SmokcUn poicdtra — Continued. 
C-I'OHNDEU URI(Kii)-SCH It'>l!UKK K. F. GUK. 



: Dale, 

Mar. 25 


Charg*. 

1 


jMtllr. 


V.lo.> 

FM. 

1 


\n. 2-ii 

•£, I'a 
n,wo 

Ta.Ta 

31, (OH 
33,fU0 


almllHr in runn ur Kfl" to tUe Fnocb D. N. 

Dii Ponfg imokeleaa for t-poander. eainple No. 
S, Tli><|H>wdeciaU.D»invhtblck.ilMDtllnob 
«idB,«idin«trip.7.*lnobMitil™gtli- Color, 
lltElit iTDwn: eDuueh HBxIbillty tu bUow tlie 
Biiipt tg be bant duoble wiCboat tireaklDg. 



iM'u <;ekimim. 



M,WO 
27,(MJU 


. ,, 


2»,«4<l 




24, 1» 
27,1180 


Lo. .,!««. 


za.»iu 




27.flftl 


Lnt 3, IBO;. 


28,2(HI 




as 


Lot 4, 1807. 


^'740 


Lot i. 1807. 


iis 


Lot e. i8«. 


34,181) 








34', 400 


Lot 1. 1807. 






33^090 




Si MO 




3i\avn 


Lot 2, 1807. 


33.640 








w'jm 








34.««0 




3«:««> 












saioio 


L<.t4,ia»7- 






»;iiu 








siiesu 


LotS.1897. 


3a!«40 




28,1)00 










LatS,]BB7, 


sis 





2 la Tu (Iripaof about thsloDgth oi 
tlie p.>wdcr chimiber; BinillBr n- 
murks upply to Nog, S, 4, S,aud S. 



{JuirannltT tut. Un Pont'a amoks- 
luB. TbiH powder In cbe iMue M 
that and on Apr. 16,1897. 



Untfonufty teat, Dn Pont'a Hmake- 
flrad OD Apr. IB. 1897. 



APPENDIX 21fl. 
StnokeUai potcdira — Continued. 

.2-IKCH B. L. RirLE, SEABCRT R. F. » 



1 






1- - - 


jectil.. 


Itj. 
Ftil. 


r 


IS. 5 

ie.B 
ie.5 


:| 






















































































16 


1(5 


'«s 








liq 


18. s 




1 


K 


1.M4 

l.tJ7 


i '** 


1«.S 








1.01 









Jnly 10 
July IS 
jDly H 

Jt-Jy 15 



2S,7M II 
!e,MO 

%nM . 

27,«S6 
2H.M0 



28,500 n 
w,a«o |, 

2S,aS2 i} 

ZH.eeo 
28, aw 1) 
»,3eo ] 



)it Piiiit'a iimDkeleu, lot ]. IBBS. iwiiip«iiiini 
"U. " The uawdcrlo ■ nqDiUT'SbandicTain. 
tbe al'li^s of the sqiitrc abnnt A Uoh, ths 



.rHuslucent appeiraiii 

I'old-storage teit at I 
>ir : days, then flied 

lal lira led wtlh moiatr 



i!li. The gnin hu ■ 



sold and flrol. 
imBpawder. Thapav- 

rerronmdJihDf *ater 
in Itred vlthoatdryfujc, 

, TliUpow- 



V liBkt Ustof tbeminie powdei, ThlB powdur 
waa kept Id ailuHid liox for about 7 day*, i-i- 

Fofiod to a tenipi-FLtare from 100^ to 120^ K. 
t WilA theu aJlowiid to oool forabinit Ifl bour* 

I Lest icat of tiie anme powdn. This powder 
srlridge oiMea eiposed to ■ tem- 
av iol20= F. fOr 7 ilnya and then 



Aral hoi 



Kwder WAS t«ct«d b) cipi 
1 toairaklanited irlibmi 
of n-aler. The tiInl^ nf mi 
nt ibe oplraliOD of vhici 



.. RIFLE, IIASHIF.LL R. ] 



rnrupwitlmi Ik uot known, □aloi, amber y 
Idw.uidthoeniinlitrRnalDoenl, Thepovi 
una dealgneil Is gtvu B£,iXIO poanda ureiBi 
<n Ihe 3.S-inch lierdom K. F. fleld ^nti' 



ro det«Tmliui (;barg«. 



28,520 
20,818 



, ISHi ODtapadtlan 
nnlty. 

Shuie aa urecedlng. A coldltinuelmtof pov- 
der. Thcpowderrorthlataat^na brntTa ■ 
Tvrrlgeratw far i aaya, Iben S>pd cold and 

Finme ■« prerodlDg. A molalnre l«t of poirder. 

In a cliiand Teaael, aaiumted witb iaDialRri> 
from a dUb of water oonlalned In it. and Uibd 

Siime aa preofdijog. A wettlDK Iwt of powder. 
Tho powdiT was dipped in water, aubse- 
.luently dried In tbe euD. Tbe perlnd ofdlp- 
lilnc waa aboa 1 15 faoDra. and that of sipveoce 



TESTS OF POWDERS FOR CANNON. 

Smokelai pmedem — Ci>iiliiiued. 
S.3-1KCH B. L. aiFLE, DASHIELL K. f. OI-K-C.Dtin 



Datt. !Ch»rffl. . 



Jdly 18 
JbIj 2i 



-■■ 






1' 


S*pt1M 








Oct. 1» 


1 



as, no 

2t.0M 



L heat teat of lune powder (Du PimC'e amoks- 
Ihs, 211, ItM. compunlilon "C "), 't'lie iioirder 

pined loHiemV-ratureof I'mm IW= to I'aw ¥. 
UwnathenBllowBd loeoal foribout Iflhonrs, 
■Dd then filed aod fired. 

L hut Uat of the ume powder (rompoeitlDD 
"C"). Ttila puwder »h put In cuirldEr 
CBHPH Hud esp™n'd In A tihmperatnre of lOC^ to 
, 1!0°F. lor T days. Bad then Hrvdbol. 

(A molarnru (tat o'f the BAnie powder. Thi4 pow- 
der waate^l^ byoxpoaing It Id Bcloaed bot 
toHlrsatnmteilwithmolBtnre from itdlabor 
wator. The time of eipoaura wa« 7 d«JB, at 
the oiplratlon of which ihe powder waa find. 
LheHtle^tnltlieiwniepowder. Thiipoirderwu 

10U= 1o 120° K. for IBdaj Bair/thei.''fl«'d hot. 
kmulatiireleatoftheanmenowder. The pow. 



,. MORTAB. STEEL. No. 



I simple Ku. 1, 189S. The powder la m*de Id 

II Mqxare Bhsped jimiUB. EaehatdeoftlieuaKre 

; H aUoul^, Inch in length, ud the thiuknrw 

gna ..f the graiD i> aboni J, iuch. The gralu Is 

Tfi I . ilrenirV hard and braake wltbout beuding. 

'™ I'he rolor la cream. The aamples are unm- 

)«red In the loverae order of Ihelr qiilclineaa. 

vmy-, but the variatiira la ailKlil. PartliUlj' 
I lUrDodRniiDaahowoilaoDie pitting. Burning 
L.'ralna prDJsctucI from the enD nt each Are. 
which jiniliilohed with the Increate of the 



. .unple N-n. 3. JgM. Bemark: Same a* for 

1>.. Foul'e emokeleas for S.C-lDCh morUr. 
■ implB No. 1.1894. TbegraiDiofthiepovder 
..rBlbiu reolADguUrdlsSa, alHiBCO.uVo-^ 
rocb aad about U.02a Inch Id thlokneaa. After 
I'lich round there in a hniall ouaatity of light 
-ray amoke, which diaalpatea qolckV. 

~UDpleNo.5. I8W. Thesnlnsof thlapowdor 

I'lcli and about 0.03 Inch In cblckneH. After 
h^iLcb round tbore la a amaJl quantity of light 
-ray amoke. which diaalpalee qtiickV. 

il>i PodI'h .3a.callber rifle powder. 
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Smolceleit poujiera — C'ontinned. 
l.e-INCH B. L. UOKTAB, StEBL, KO. 3. 

(Object of firing: A companiliTe (eti of Bmukeleu powderarorthedetenoiiutloDof their aait^IIIty 

furailnptlon forule ia tbeY-lncb and 3.a-[ncb mortars, and to obtain rbarge farap«lfled Telooltr.] 
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7-lNOH B. L. MOKTAR. STEEL, : 
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Iho n 
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'leaa for 7-lnoh morUr, Bamphi 

.'ow'cler ii made Into eqaore- 

■baped eratOH. Eaeb tide of tbe aqnare In 

abont^glnshliiknKtb. Tbe thickneia of the 

— '-iTHrienfroiualioDtAinchfarSa. leample 

inch for Nu, 3 sample. Tbe zrain la ex- 

elj bard, and breaka without bending. 

color l> cream. Tbe aamplai at* nom. 

Partially burced gralna fcnnd In the 
■bowed lome plltinjt. BnTnlni Kmlaa 
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TESTS OF POWDEBS FOB CANNON. 

SntoktUti poadera — Continued. 

Tlb'CH B. L. MORTAR, STEEL, NO. 1. 
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7-INCE II. L. MORTAR, STEEL, XO. 1. 
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APPENDIX 2ia. 



Smokeless powders — Coctinued. 
lO-INCH B. L. BIFLE, STEEL, NO. 51. 



Date. 


Charge. 


Pro- 
jectile. 


Veloc- 
ity. 

Feet. 

1,793 
2,135 


! 

PreBsure. 


1 
Remarks. 


1897. 
May — 


Pounds. 

110 
130 


Pound*. 

576^ 
576 


Pounds. 

1 

24,000 
32, 770 


Du Pont'B smokelesB, sample No. 1, 1887. This 
powder is in ntrips,2 feet H inches long : wid th. 
1.7 inches: thickness, varying firom 0.217 Invh 
to 0.245 inch. Color, liffht brown. May be 
bent double without breucing. Prodacea con- 
siderable smoke, which dissipates rapidly. j 



Mar. 24 



May 3 



Apr. 9 



June 21 



June 7 



12.INCH B. L. MORTAR, STEEL, TYPE. 



30i 



25 
274 



800 



800 



1,073 



952 



800 . 1,020 



30,570 i 



24,580 
30, 078 



Du Pontes smokeless, sample Xo. 2, 1897, for 12- 
inch B. L. mortars. The strips of this powder 
urc 18 inches in length, 0.667 inch in width, 
and 0.0585 inch in thickness, and when held 
up to the light are the color of amber. 

Da I'ont's Rmokeless, sample No. 1, 1887, for 12- 
inch mortar. The strips of this powder are 
17 inches in length, 0.6 inch in width, and 0.48 
inch in thickness, and when held up to the 
light arc color of amber. 



12.INCH B. L. MORTAR, STEEL, NO. 5. 



33 

36i 

37 

37 

33 



45 



33 
35 
35 
35 
35 



800 
800 
800 
800 
800 



800 



800 
800 
800 
HOO 
800 



1,107 
1,107 
1,185 
1.187 
1.098 



1,149 



1,101 
1,151 
1,148 
1,148 
1,140 



30.418 
30.418 
35.265 
35.967 
28,667 



28,200 



29,010 
33,311 
33, 300 
33, 516 
33,470 



Dn Pont's smokeless, lot 2, 1897, for 12*inch mor> 
tar. The grains of this are in strips, 6.5 inches 
Wmg. 0.675 inch wide, and ^ inch thick and 
dark brown color. 

Du Pont'H smokeless, sample No. 3. 1897, for 12- 
incli mortars. This powder is in strips, 18.75 
inches long, 1{^ inches wide, 0.15 inch thick, 
and dark brown in color. Prodnoee consider- 
able Hmoke at discharge, which dissipates 

. rapiill^^. 

Du Punt's smokeless, lot 1, 1897, for 12-inch mor- 
tars. Til is ]»owder is seal-brown color; is 
Hemitranslucent and is evidently rolled into 
sheets about 0.07 inch in thickness which are 
cut into grains 0.7 of an inch. Thttre is con- 
Klderablo smoke or vapor at the diaoharge, and 
a slight oily residue is left in the piece. 



J 



Yery respectfully, your obedient servant, 

Frank Hbath, 
Captain, Ordnance Department, U. IS, A,, Comnnanding. 

The Chief of Ordnance, U. S. Army, 

Washington, D. (J. 
(23228— Enc. 1) 



Appendix 22. 



CONE OF DISPERSION OF SHRAPNEL, 

(19 plates.) 

Sandy Hook Proving Ground, 

September 21^ 1897. 

Sir: I have the houorto forward herewith records of firings made 
in compliance with your instructions of July 27 (no number^ and of 
July 31, Ko. 15813, for the purpose of obtaining data for determining 
the cone dispersion of service shrapnel for 3.2 inch ritie. Fifty-four 
rounds in all were fired, giving targets as follows: 

Series 1. Five targets with 13i-pound shrapnel, band five-eighths inch 
from bnse; initial velocity, 1,685 ieet per second; burst by wood screen 
l)laced 90 feet in front of target. 

Series 2. Five targets with 16^-pound shrapnel, band 1.75 inches from 
base ; initial velocity, 1,450 feet per second ; burst by wood screen placed 
DO feet in front of target. 

Series 3. Five targets with 16J-pound shrapnel, band five eighths inch 
from base; initial velocity, 1,450 feet per second; burst at wood screen 
placed 90 feet from target. 

Series 4. Four targets with 13i-pound shrapnel, band five-eighths inch 
from base ; burst by standard point combination fuse, as nearly as possi- 
ble to 90 feet in front of the target. 

The above plotted targets are forwarded herewith. 

With the combination fuses uniform positions of the point of burst 
could not be obtained. When cut to two seconds the i)ositions varied 
115 feet, and when cut to one and five-sixths seconds the variation was 
145 f^et. The firings were continued until the supply of fuses was 
exhausted, and with 15 rounds 4 targets were obtained. 

The results in rounds 1025 and 1034 are abnormal. Ko explanation 
can be suggested, except that there may have been a variation in the 
quality of the material used in the manufacture of these particular 
shrapnel. This is evidently the case in round 1034, where the number 
of small fragments, as indicated by the number imbedded, is excessive. 
Very respectfully, your obedient servant, 

Frank Heath, 
Captain^ Ordnance Department^ U. 8, A, 

The Chief of Ordnance, U. S. Army, 

Wa^hingtonj D. (7. 
(15813— Encs. 158 and 159) 
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NOTE APPENDED IN ORDNANCE OFFICE. 

Both patterns of the 3.2-iuch shrapnel used in these tests contained 
the bursting charge in the head, and have been previously described in 
these reports. (See Appendix 46, lieport of 1892, PI. I, for the 13.5- 
pound, and Appendix 7, Report of 1896, PI. I, for the 16.o-poand 
shrapnel.) The 13.5-pound shrapnel contains 162 hardened lead balls, 
about 170 grains each, or 41 to the pound, and 38 pieces 'of sepa- 
rators, etc., making a total of 200 pieces. The 16.5-pound shrapnel 
contains 192 balls, weighing about 42 to the pound, and 44 separators, 
etc., making a total of 236 pieces. When the shrapnel is burst some of 
the pieces are broken and the number of fragments increased. The 
16.5-pound shrapnel, with band 0.625 inch from base, were prepared by 
placing new bands in this position, and by turning down the projecting 
portion of the band left in the position 1.75 inches from base, where it 
was placed when the shrapnel were manufactured. In view of the 
construction of the shrapnel (see drawing), the effect of thus reducing 
the strength of the original band should be to reduce the resistance of 
the shrai)nel case to the bursting effort of its powder charge and tend 
to increase the dispersion. The combination time and percussion fuse 
used in the fourth series of firings is the Frankford Arsenal IS-seconds 
fuse, model 1894, with lead drawn time train graduated for cutting at 
one-sixth second intervals. The point percussion fuse used in the three 
remaining series is a simple fuse, consisting essentially of a percussion 
cap placed in the point, to be exploded on impact with the wood screen, 
with a powder charged channel that communicates the explosion of the 
cap to tlie powder cliarge in the shra])nel. 

The object of the firings was primarily to determine the cone of dis- 
persion for the shrapnel. Also, by comparison of series 1 and 4, to 
ascertain the difference in dispersion for 13.5 pound shrapnel fired 
through a l-inch i)ine wood screen to cause burst, and fired with the 
combination time and i)ercassion fuse to burst frrely in air, and by 
comparison of series 2 and 3 to ascertain the diff'erence in dispersion 
for 16.5-pound shrapnel, with ban- 1, in the two positions stated. 

The cone of dispersion for each round shown on the targets herewith 
has been deduced by plotting on the recorded target a circle to include 
the group of hits, excepting a few scattered hits, which are neglected. 
This is taken as the intersection of the cone of dispersion with the tar- 
get, and the angle of the cone then computed from the known position 
of its apex or the distance of the point of burst of shrapnel in front of 
target, the trajectories of the balls, etc., being considered as straight 
lines. A source of error in this method lies in the selection of the circle 
taken to measure the cone of dispersion on the target. Those taken in 
the present case arc derived from the judgment of several persons who 
agreed nearly in their estimates. 
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The following table contains the angle of the cone of dispersion for 
each round and other data from the firings: 



Sbrapuel. 



Bonnd 



Distance' Xum- 

of bnrst [ b«r of 

in front hits on 

of target.' target. 



I Diameter 
of circle 
I ofdis- 
, ]>ersion 
on target. 



Angle of 
cone of 
disper- 
sion. 



Series 1. 13.5-ponndj 
shrapnel. 





Feet. 


1004 


85 


1007 


75 


1009 


85 


1011 


a90 


1013 


70 



296 
193 
301 
307 
304 



Remarks. 



Feet. 





25 


16 44 \ 


23 


17 26 


28 


18 42 


28 


17 42 


26.5 


21 26 ) 



Fire<l -with point x>orcns8ion 
fuse to burst on passiuii; 
through woo<l screen, 1 -inch 
])ine, 00 feet in front of tar- 
get. Computed angle, 19° 40' 



Mean 



81 



280 



26.1 



18 24 1 



Series 2. 16.5po 
shrapnel, band 
inches from base. 



n ndl 
1.75^ 






Mciin 



1016 


78 


296 


1017 


80 


280 


1018 


85 


290 


1019 


80 


301 


1020 


85 


207 




81.2 


275 







22 

23 

25 

23.5 

24 



16 04 

16 42 I Fired throngh wood screen, 

16 44 > as in series 1. Computed 

16 22 angle, 17° 58'. 

16 26 



23.5 



Series 3. 16.5-ponndl 
fthrapiiel. band 0.625^ 
inch from base. 



Mean 



Series 4. 13.5-pound 
shrapnel. ^ 



1021 


85 


1022 


80 


1023 


80 


1024 


85 


1025 


80 


1 






1027 


55 


1032 


100 


1033 


80 


1034 


90 



300 
351 
331 
308 
176 



16 28 



22 
24 
26 
24 
23 



14 44 

17 04 

18 30 
10 04 
16 22 



293 I 

273 
294 
298 
430 



23.8 



16 44 



Mean 



81. 25 



324 



10 


16 


34 


27 


15 


22 


21 


14 


58 


24 


15 


02 


22 


15 


29 



I Fired tlirongli wood screen, 
as in series 1 and 2. Com- 
puted angle, 17° 58'. 



I Fired with point combination 
time and percussion fuse 
and burst freely in air by 
time cutting. Computed 
angle, 19^ 40'. 



a Struck one of the supports of the wood screen and burst at screen. 



A comparison of the angles of tlie 10.5 pound shrapnel (series 2 and 
3) with band in two positions shows that the position of band produced 
no material effect upon the dispersion. The slightly greater dispersion 
for the altered shrapnel (band 0.025 inch from base) may be attributed 
to the reduction in the resistance of the case to bursting already 
alluded to. 

The difference of dispersion for the 13.5-pound shrapnel, series 1, 
burst by firing through the wood screen, and series 2, burst freely in air 
by time fuse, amounts to nearly 3^. The greater dispersion and v.iria- 
tion in angle of cone in the screen series indicate a loss of terminal 
velocity and other disturbing causes, due to penetrating the screen, 
which render the results less reliable than those derived from the time 
series. The variations in the angle of cone for the 16.5-pound shrapnel 
are not so great as the 13.5 in the screen firings, which might be expected 
by reason of their greater weight and sectional density. 

The computed angles given under '* remarks" in the table are the 
angles for the cone of dispersion derived from the commonly applied 
formula — 



tan ^ a= 



(V,) 



(1), 



wherein a rei^resents the angle of the cone of disperson, Y, the lateral 
velocity (su])posed constant)=V„ tan i, wherein V„ represents the muz- 
zle velocity and i the angle of twist of rifling at muzzle, v the remain- 
ing velocity of shrapnel at point of burst. The application of this 
formula will evidently give values of a increasing with the range. 
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The angle of cone of dispersion for the 13.5-pouud shrapnel, for the 
average range of burst, 975 yards (v=l,222 feet per second), compated 
by this formula, is 19^ 40' or 4^ 11' greater than the angle determined 
under the best conditions of experiment. To make the formula pro- 
duce the exi)erimental value requires tlie introduction of an empirical 
factor, and for this particular case it would become — 

tan i a=0.7S5 ^^'^* 

This factor can be verified only by firings at different ranges; its value 
fur general application could theu no doubt be expressed as a function 
of the range or remaining velocity. 

The formula applicable to a shrapnel with bursting charge in the 
head, like the present, as given in the lievue d'Artillerie, October, 1896, 
page 08, is of the form — 

taui«=g (2), 

wherein v-v' represents the velocity of balls at the point of burst or 
the remaining velocity of the projectile diminished by the velocity due 
to the bursting charge. Hut since the computed angles of dispersion 
from Eq. (1) are already greater than the experimental, it is seen that 
Eq. (2) is incompatible with the results of the present experiments. 
Since to produce the experimental angle from Eq. (2) would require v' 
to be positive, which is directly contrary to the hyiiothesis on which it 
is based, namely, that the effect of the head charge is to produce a 
retardation in velocity of balls from that of the remaining velocity of 
projectile at the point of burst. 
As regards the action of the fuses, the following may be noted : 
In the firings through a 1-inch pine board screen, with the point per- 
cussion fuse, the shrapnel burst at an average distance of about 9 feet 
from the screen — minimum 5 feet and maximum 20 feet. 

With the combination fuse the effort to get a complete group of hits 
from a single shrapnel on a vertical target at a range of 1,000 yards 
was successful in only 4 out of 15 rounds fired. The very creditable 
X)erformauce of the fuse is shown, however, by the records of 9 rounds 
tired with the same cutting of fuse, one and five-sixths seconds. In 
these the average range to point of burst was 949 yards, the greatest 
variation from this mean was 24 yards, and the extreme variation for 
individual shots 48 yards, corresponding to a time interval of about 
0.11 of a second. 



APPENDIX 22. 
Beoord of firing leith 3.!-inoh B. L. rlfit {steel), No. A 
lOUwt of flrlDK, 
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at Sandy Hook Proving Ground, from August $ to Augu9t 4, 1897, 
dispersion of Frankford Areeual shrapnel.] 



Special remarks about each fire, such as effect on piece, 
action of breech mechanism, consumption of powder, 
sound of projectile in flight, scattering of fragments, etc. 





The upper bow of lefi bow-»priug brake broken near the shoe. 



General remarks. 



Gun mounted on Buffington steel field 
carriage, No. 18, bow-spring brakes. 

Cannon friction primers, m(Mel 1897, 
F. A., September, 1890. 

Firetl into field butt Ko. 2. 

32, 000 coppers of 1895. 
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Record of firing with S. 2-inch B. L, rifle {steel), No. 32, JVatervUet Arsenal, 



Date. 



1897. 
Ang. 9 


998 


Aag. 9 


999 


Aug. 9 


1000 


Aug. 9 


1001 


Aug. 11 


1002 


Aug. 11 


1003 


Aug. 11 


1004 



Aug. 11 



Aug. 11 



Aug. 11 



Aug. 16 



Aug. 16 



Aug. 16 



Aug. 16 



No. of 
fire. 



Powder. 



Kind. 



1005 



1006 



1007 



1008 



1009 



1010 



1011 



o 



P^ 



a 
o 
u 

98 

X 

« 



« 

a 



Weight. 



Lbs.Oz. 

3 10 

3 10 

3 10 

3 10 

3 10 

3 10 

3 10 



3 10 



3 10 



3 10 



3 10 



3 10 



Projectile. 



Kind. 



Weight. 



mi 



Lbs. Oz. 
13 8 

13 8 



•f- f ^3 8 
~ *" s 

J •/) 



c • 5 



[lllj 



a 

(S 

a 



cs 
til 



13 8 

13 8 

13 8 

13 4 

4 powder, 

bursting 

charge. 



13 8 



13 4 



4 powder. 

DurHtiug 

charge. 



1111 { 



13 8 

13 8 



a 



„r3 



I 



13 4i 

3^ powder, 

bursting 

charge. 



13 8 



llHi 



13 8 



3 10 



3 10 



1 -z 

a 



1§ 

g 

.0 



13 4^ 

3j powder, 
bursting 
charge. 



I I'll I 



a 



a _2 

ee 
u 



13 8 



13 8 



13 4 

4 powder, 
bursting 
chargp. 

13 8 



Eleva- 
tion. 



45 

38 

38 

38 

38 

38 

38 



38 



38 



38 



Wind, strength and 
direct ion. 



36 



36 



u ^ o i- c 
-* es = «o . 
S — I- r- 



t 



« - 

2 c ^ •» - ■ " 
5 ^ -2 M l~ ^ 

£ - '-! i •- 

1 "* -' i s 



d 

SI 



9 



E 

sS 



x.= 



_ o 

"J" . 
, © 

^ i 

-=3 



a 



lA 



(- 
9 



a o 
el- 



S ^ 

© a 



«3 






a 
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at Sandy Hook Proving Ground^ from Auguni 9 to August £6, 1S97. 



Special remarkH about each firo, such as effect on piece, 
action of breech raechanisni, consumption of powder, 
sound of projectile in Hight, scattering of fragments, etc. 



Sighting shot 

do 

Missed screen; burst on passing through t^arget. 



Struck tho screen 1| feet right and 1^ feet below center. 

passed through, and burst 85 feet in front of the target. 

Following hits on target : 

Bulh" ts t hrough 150 

Fragments through 114 

Fragments embedded 27 

Fragments made mark 5 

Total 296 

Struck the screen 5 feet below and 1 foot left of center, and 
burst atter passini; through. The location of burst 
could not be determined and target thrown out. 



Sigliting shot. 



Struck the screen 2 feet above and 1\ feet left of center, 

f)as.sed tlirough , and burst 75 feet in front of target. Fol- 
owing hits on target: 

Bullets through 130 

Fragments through 61 

Fragments embedded 2 

Fragments made mark 

Total 193 

Sighting shot 



Struck the center of screen, passed through, and burst 85 
feet in front of target. Following hits on target : 

Bullets through 159 

Fragments through 92 

Fragments embedded 40 

Fragments made mark 10 

Total 301 

Sighting shot 



Struck the screen 1 foot above and 1 foot right of center, 
passed through, and burst 90 feet in front of target. It 
cut the 3 by 4 inch upright in two. Following nits on 
target : 

Bullets through 154 

Fragments through 99 

Fragments embedded 48 

Fragments made mark 6 

Total 307 



General remarks. 




Rounds 998 to 1,001 were fired at a 
screen 13 feet wide by 11 J feet high, 
10 feet above the ground. 

The shrapnel was tired to burst on 

f>as8in^ through a 1-inch screen, 26 
eet wide and 16 feet high, raised 10 
feet above the ground, 90 feet in i^nt 
of target. 

Target 1.000 yards from gun, 39 feet 
wide by 28 feet high and! inch thick, 
covere«l with building paper. 

DeHection was taken at 1^ to 2| points 
right, depending on the wind and the 
part of tne target desired to be hit. 



APPENDIX 23, 
Record of firing with S.l-inch B. L. rifie (afeel). No. M, Walarrliet J 



Kind. \Telght, Kind. AVclghC. 



BIbts- 'Vied, BirsiieiL nt 
llou. lUmUoD. 



Adr. 1> 
Aqe. 19 



aj powder. 



3 3i 
3 91,' 



I i 






liurstinf 
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it Sand) Hook pToring Groumd, frtm Aagutl 9 to Augatt te, 7597— Continned. 



[Mulal r«niDrlci» ■boat sach flre, Hurh ma fllT«G oq plwe, 
action oS bnwch mecbBninui. Hmiunipllon of powder. 
■unod "f piitlwlilc tn tURbl.iiciiliering arfnipnfiil*. no. 





.' M 








. 




SItTipklhrKrMn H fwl lalnirnDd 1 font riahl of ot 
tmBBPil tbroiiGb. auil l>ur»l TS f<it\ In fcoDt oflMgit. 
iowlnpbiMoutargrtz 


nt«r. 
- 189 

I as 

. z«o 

Vhe 

: IS 

."aso 






Slnick IbHM^rH-nlfwt biilowHniig)fM(ricbtDt<i 
iiaiiHit UimiiKh, u.l buniWfcr-t turiuncor UrRBI. 
rulliiiciii|-bli-">nUr)EeTi 






■1- I 


Stnii'k Ihi' KOrrffii 1 fuol b^juwaiui li f«t len'ofc 
nuu'il iliniiiKb. ■ml bunt U Twl lii itoa^ot Urget. 
^.tluH-lUK lii» on Xt,t%tt: 




rnii!iuwil.i.|iibedd«l- 



Slrock Ihr y'-tm U r«t lielon,- inil 11 frM left of rentn. 
puH-^L tbrDugh no'l liuni a feel In fnnl of Urgpt. Tlw ' 



APPENDIX 22. 
Bteord of firing vUk S.S-ineh B. L. rij»< (»(eri), No. », WaUrrlitt Ar««nal, 



.... 


No. of 
Ore. 


Powder. 1 


Pndectne. 


Elifv.- 
tiim. 


"-ifiSi!"- 




KInil. Arelght. Kind. 


1 T,^,lt 










1^:0,. 




= - 






Aug-M 




$j 






o"hiIrg°^ 








Ang. iS 


ion 


1 










t £ 












? 


* bCJlfg 










B 




1 






1.- 






















1 


i 




1 






r 




Ang. 20 ' IDU 


' 


i 4 


1 


"'3 


K 


if 

Si 


















£i 






















Ang-M 


luU 


e. 




« 


4 pnT-lcr, 
lioroilng 

1 ••'■"e». 




il 

II 

1 6 





















Ureord o/ firing n-ith S.3-i»ch Jl. L. rifie (slwl), Ao- -W. WaUrrlirt Artenal, 





Pomlw. 




I'rqjecllle. 
















F.i« 








IVIad, 


















DaU- 


':.•/ i 








ElevD- 


'SC 






b1 ' Ki..!- 


Wetgbt. 


ondi. ^'''*- 


IVeigbl, 






1SD7. 


1 


I*r fte 








Aag.lO 


iiafl 






i) 1 




31 bnntiaR obirge 


10 




















i 
















1 ufTlflBpowdrr. 










1 


ri 




1 




iL_i 






Aag. 30 


1027 1 


3 


a 10 


i : 




13 41 

ailmmtingcfciirgB 


3» 
















1 


















ofrlll,p«wd.r. 




Is 














1 






5i? 








1 






1 






-3 




Aug. 30 


1029 


1 10 


z 




13 t 


30 














1 


4 buntlnii DbBrn 




la 
















, or lillB powder. 


1 


= ■= 








1 






1 


Ija__s_ 




i! 




Aug. 30 


102» 




S 10 


2 


13 tt 


M j 


|| 














1 


a[ bonllngcbiirg* 








1 








1 
























1 








1 






g 


1 13 8 


1 




Ang, M 


IDM 


3 


3 10 


11 


















1 




orrinelHxrdnr. 


1 


J 
1 
















■^== 


1 


s 





CONE OP DISPEESION OF SHRAPNEL. 239 

<tt San^g Boole Prating Groimd, from Aagvat 9 to Angutt SG, 18S7 — ContinDed. 



»|Kcial reirKrln iboal enoh flie, anab ■■ ffibct uu iiiwc, 


c„.„.,™,... 


"oond of prujecIJle in lllghl. .Mlleriug of ftSEinraW. e(c. 


i^Crnrk tha Bci«n ^ feet abocD and I fpet U-U of center. 
BnlleWlhrSigli m 




Tiitil Ml 

Sini<;1t iLu ii'mn It frel kbon and 1) r«Ei rtjtbr of cnttar. 
I'UMea tbronnb and liuntiM ft'et In fhint oAariwI. Tha 
fiillawlni hlt» DB taroet: 
ltull..t.tl.roDsli 1(B 




Fnignianta euibeiW-d. fi3 




Struct tliOiicreM. 11 ftathelew and U feet left of ™ier. 
TaswdtbroughandlranmSfarlinfitHilorutnol, TIk 
follDwliiK liiln on Urxet: 




Krapnenla tlirouali 84 




sinirk ib» xriwa I /out bclair ftnd 3 ftet [iebt of wntrr. 
r»....'.t ihrouKh and burat Bahai in ttoat or.u^t. The 
loll(i.i.„:hiuoouix*l: 
Uiilki-tbranKh... M 













Savdg Hook PioviHg OTOimd, frotn AujuH 3(1 to Septenber S, 1 



and of pnijiH'Ille io ttitbt, acnttertng oT frH^iu' 



BanlSfireet sbari of tkrgei, PoUutIue hitson lanel: 

lliiJlat.tl.rot.gli _ ISO 

Fra^mflDtn Ihroagb -.. BO 

Fnginrnta FDibcdd^ M 

Borat after iuksIiie ihnniEh largai, due ptobablj to ibe 
action i)f the prritln^lan featnn. 



Bant IDO fcrt abon at target. Hud too high In make ■ aatll. 



factory tArgft rHord. 



Thl< firing wu wltb F. A. ahrapBd. 
utiDuIhe F. A. m-Mcond point con- 
blDatkm time fiue. 
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Beeord of firing with 3.3-inch B. L. ri/Tr («fe«t), X«. SJ, Wattrrtitt Artvtal, at 



Kind. Weigbt. 1 „^, 



■ I "rr ■ 



irnlinB i-liirjie 
frirleTwwdiT. 


00 


"«K 


00 


iintlDg rhar^ 
IriB,- powder. 


00 


irsiinjr charge 


00 


luntlnc rbarse 


00 



l« 



i 

li! 



(15813— Eiic. 159) 
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Sandy Hook Proving Ground, from August SO to September 2, i^97— Coutinaed. 



Special remarks about each fire, such as effect on piece, 
action of breech mechanism, conaumption of powder, 
sound of projectile in flight, scattering of fragments, etc. 



BurKt after passing through the target, probably due to the 
ptTcuMsion action. 



Burst 100 feet short of target. Following hits on target: 

liullets through 159 

Fragments througli ; 84 

Fragments embettded 51 

Total 294 

Burst 80 feet short of target. Following hits on target : 

Bullets through 145 

Fragments through 101 

Fragments embedded 52 

Total 298 

Burst 90 feet short of target. Following hits on target: 

Bullets through 160 

Fragments through 154 

Fragments embedded 114 

Fragments made mark 2 

Total 430 



Burnt 225 feet short of target. 



Burst 200 feet short of target. 



Burst 225 fett short of target. 



Burst 2 feet short of tiirget — . . . . 



Burst 16<> fe«>t short of target. 



Burst 200 feet short of target. 



General remarks. 



Firing condncted by Lient. G. Mont- 

S ornery. Ordnance Department; 
'rank Heath, Captain, Ordnance 
Department, U. S. A., commanding; 
George Montgomery, Lieutenant, 
Ordnance D^artment, U. S. A., 
assistant proof officer. 



ORD 97- 



■16 



Mate - 



-=.i 



Ord56 2 



Appendix 23. 



REPORT OF THE PRINCIPAL OPERATIONS AT THE BENICIA ARSENAL. 

Benicia Arsenal, Oal., August 10, 1897. 

Sir : 1 bave tire honor to submit the following report of the principal 
operations at this arsenal during the fiscal year ending June 30, 1897: 

FIREPROOF BOILER HOUSE. 

A new fireproof boiler house has been built on the plans on file in 
your office. 

On digging for a foundation it was found unnecessary to use piling, 
as originally proposed. Kock was first put in the trenches, and, after 
tamping, was capped with several feet of concrete. On this brick 
walls 12 inches thick and 13 feet 6 inches high were erected. There 
has been no yielding, and it is thought the structure is remarkably 
rigid. Tlie dimensions of the building are: Height, 62 feet; width, 41 
feet. The roofing is made of Thorn's metallic shingles, and proves very 
satisfactory. The building contains, besides four 40-horsepower boil- 
ers, space enough for a tin shop and for pipe-cutting machines. Total 
cost of building, including foundations, $2,500. 

PROVING GROUND. 

Work on a new proving ground was begun last fall, under the direc- 
tion of Lieutenant Lissak, by installing a 12-inch B. L. mortar and 
preparing a firing butt by cutting into a hill situated about 300 feet in 
front of the gun and laying bare a vertical wall of soft adobe rock to 
receive the projectile. 

The firing of this gun caused the abandonment by Lieutenant Lissak 
of the plan of installing modern guns of 8, 10, or 12 inch caliber at this 
point, but the installation of platforms, etc., for field and siege guns, 
as planned by him, has been carried put. 

During the wet season it was found that the marshy ground on which 
the target screens are plaeed was impassable, and a causeway has been 
run across from guns to butt. 

Platforms are now arranged for field guns, for 8-inch converted rifle, 
and for 12- inch B. L. mortar, and if a pintle be placed for the siege car- 
riages, the latter can be used on the field gun platform. In detail the 
work thus far done on proving ground is as follows: 

Buildings. — Instrument house, 12 by 12 feet, of brick, 55 feet to the 
left and rear of gun, protected by embankment. Loading house, 12 by 
12 feet, of light wood; double doors and windows, 110 feet to the left 
and rear of gun, and protected by natural bank. 

Platforms. — 12-inch B. L. mortar, of 12 by 12 inch timbers, securely 
bolted and anchored; 8 inch converted rifle, same; field and siege guns^ 
concrete platform 30 by 15 feet by 18 inches. 

243 
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Butts. — A cut matle 45 feet perpendicularly into face of liill ; lateral 
"walls retaiaeil to stop auy splinters. 

Target nvreem. — Orib walk of 10 by 10 inch piue lias beeu laid for 
targets. Targets iiot yet completed. 

Fahricnled. 

OfttlinK-Ril" ('Arts repnirml 4 

Tripo£ for (intliii); (.'"i repnireii 2 

Tout piei'eK, C-nimnder gun 3 

ViMit pieces, 3-hich );iiii 2 

Vent plei-e, 3.2-mch rifle I 

Vent pieceH, light 12-pouitiler gnu 6 

Ventcover, 3-imliririe 1 

Carriage foi' 3. 2-i tic h gun painted '. 1 

Irou errapers fur cannon 12 

'WiKHleii ajirin^ aponge for 12-inch B. L. rifle 1 

WiHiilen api'iug sponjio I'or 10-inch B. L. rifle 1 

Gunners' miadrantn repaired 3 

Brcei'h sitflita, M. L. converted rifle, repaired 4 

Dnnimy projectilui fur 12-iitch it. L. rifle 6 

Cartridges, 12-ini'hB.L. rifle, 90-pound churge 66 

Dnmniy cartriditeH for 12-iQCh B.L. rifle fi 

Friitier baES mwle anil filled 50 

CartrldKi'Viaga filled, 3. 2- in eh gun, 1 j-poiind cbarge 1,800 

Cartridge bags filled, 12-pon ml it gnn, I- pound charge 1,000 

Cartridge bags tilled, 6-|ionnder gnn, 1-ponnd charge 8,095 

Cartridge bags filled, 3-inch gnu, l-ponnd charge 1,000 

Cartridge bags filled, 12- in eh B. L. rifle, 87-ponnd charge 8 

Cartridge I laga filled, 12- in oh B. L. rifle, T6-pound charge 12 

Cartridgi' bags filled, 12-inch B. ].. rifle, 45)-pound charge fi 

Caitriilge baga filled. 12-inch B. L. rifle, 115-pound charge 32 

StreiimiTB for target practice 12 

Half Mook»,oak.Hb.v 4 iiy 20 inches 10 

Quarter bloika, oak, 3 by 4 by 20 inches " 10 

Blocka, pine, 12b.v 12 by 44 inches 60 

BlorkH, pinti, 12 liy 6 by 44 inches 12 

Dlo<kB, oak, 12 by 4 by 44 inches 20 

Blochn, oak, 12 by 2 bv 44 inches 18 

Btflcka. oak, 12 1>j- 1 by44inchen 18 

Roller ohockH 20 

Gnn chinks 10 

Way planks 12 

Kidlera 7 inches ilinineH'r, G feet long 20 

Handciut 1 

Float i]i>;targolK, without floatu , 2 

Flnjiiing target, complete, except chain and anchor 1 

Hold faista, iron, for holding eapetan , 4 

HolilfaBtB. iron, 4i feet long 4 

HoIdfaiitB, iron. 3 feet long 4 

Briutnii target, 6 by 12 feet, complete 1 

Halliania for atreamers 4 

Pulley block repnirad . 1 

Kliiig chains altered - 2 

Wing cart painti'd I 

Hydraulic.j licks repiiiri'd 4 

Cartridge iiags, unfilled. 12-in oh B. L.rifle,T6-pound charge , 30 

Cartridge bags, nnfiiled, 12-inch B. L. rifle, 45f -pound charge - 20 

Cartridge bagB,unfillei1,12-inohB.L. rifle flS 

Cartridge bogs, nnfllled, 10-ineh B. I-. rifle 54 

Cartridge bagH, unfilled, 6-ponnder gun 46 

Curlridgu bags, unfilli>d, 15-inith &. B. gun, 130-piiund charge . S2 

Cartridge bags, unfilled, 10-ineh H. B. gnn, 25-pound clinrge . 30 

Hollow stem for eompreaaor of pnenmatie dyniimite battery 1 

Sponges, woolen, light 12-pountU'r gun 34 

Sponges, woolen, fi-ponndcr gnn . 13 

Spindle nnd nut, gas eheek cup, for 3.2-inch B. L. rifie, rebuslied 1 

Leather linchpin washers . 13 
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For Briuton tarjf«5t8, 6 by 12 feot: 

Stay rods 12 

i:yol»olt8 24 

SluXe rods 24 

Top plates for slide rods 12 

Bottom plat4*8 for slide nxls 12 

Fast<Miiiij;- hooks 12 

►Sash <-ord, 12 feet lon«c 12 

Main sills f 6 

Top bi^anis 6 

Cross sills 12 

Posts 12 

Iirac<'s 12 

Piilh'ys and fittings 12 

Bolts, 28 inches lou« 24 

Drip pans, copper, large 8 

Drip pans, copper, small 4 

Drip pans, copper, with perforated stands 3 

Blacking, for leather quarts.. 100 

Black wax pounds . . 50 

Paint, lead color do 50 

Paint, black do.... 533 

Paint, first coat, for 3.2-inch rifle do 1^ 

Paint, second coat, for 3.2-inch rifle do 1| 

Paint, olive do 4,933 

Paint, red do 2 

Paint, white do 2 

Paint, brown metallic do 1,000 

Lacqner, No. 1 gallons.. 85 

Harness oil pounds.. 1,000 

Putty do 20 

Packing boxes 290 

Tin cans, r>-])ound 10 

Tin cans, 25-pound 3 

Tin cans, 1-gallon 10 

Pails, galvanized iron 2 

(Hher work donr. 

( 'avalry saddles overhauled and cleaned 25 

Gnn slings overhanled and cleaned 1,330 

Carry injj; braces cleaned an<l oiled 993 

Curb bridles cleaned and oile<l \M) 

Light cavalry sabers cleaned and oiled 1,5.55 

Gatling guns cleaned and repaired 2 

Hair cinches cleaned 1, 040 

Coat straps cleaned 1,523 

Blanket shouhler straps cleaned 500 

Haversack straps cleaned 450 

Sword belts, N. C. O., cleaned 729 

Shells for 3.2-inch rifle filled 25 

Two-inch pipe laid for water system of post linear feet.. 525 

Board fence built rods.. 106 

New plank walk laid linear feet.. 2, 180 

Fence repaired do.... 3, 175 

Picket fence built feet.. 55 

Plank walk relaid and repaired linear feet.. 1,500 

ConcH'te walk built in front of ofticers* quarters square feet.. 4, 325 

Road repaired ro<l8.. 130 

Road built to proving ground » do.... 20 

New flooring laid in detachment quarters feet.. 1,800 

Water pun^ped from bay to reservoir gallons . . 5, 405, 000 

Exterior of lumber shed, i)ost exchange, aud paint shop painted. 
New flanges, rings, and valves put in steam pump, and new drum put 
on boiler of steam ])ump for ])umping water to reservoir. Tunnel to 
main reservoir repaired, inner end filled with concrete, and timbered 
to its entrance. Telegi aph poles made and erected, and 8,000 feet of 
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wire put up for electrical system of post. Old smokestack at pump 
house taken down and replaced by new one. New furnaces put in office 
and quarters No. 2. Lead pipe of soft- water system removed in quar- 
ters Nos. 1, 2, and 4 and replaced by galvanized-iron pipes; lead tanks 
disconnected and connections made by galvanized-iron pipes with 
wooden tanks in rear of quarters. Cisterns from main shops connected 
by galvanized-iron pipe with the above wooden supply tank. Elevating 
arc put on one 12-inch B, L. rifle. Three pent houses built for pneu- 
matic dynamite-gun battery near Fort Winfield Scott. Side sights put 
on three 12-inch B. L. rifles. Stiffening ribs fitted to two 10-inch dis- 
appearing carriages; loading platform extended, cranes straightened, 
and railing and steps placed on two barbette carriages for 12-inch 
B. L. rifle; direction plates put on two 10-inch disappearing gun car- 
riages; elevating apparatus and steps to loading platform (^justed on 
12-inch barbette carriages at battery near Fort Winfield Scott. New 
translating studs put in 12-inch breech blocks, and trays adjusted to 
blocks of 12-inch B. L. rifles at Forts Winfield Scott and Baker. Breech 
sight of 12-inch B. L. rifle No. 10 at Fort Baker seated and trunnion- 
sight seat drilled and threaded. Water system of post, roads, drains, 
walks, public grounds, trees, and vines kept in order. Buildings, fences, 
wind mills, machinery, wagons, carts, tools, and harness repaired and 
kept in order. Public animals kept shod. Two hundred and seventy- 
nine issues of ordnance stores have been made from this arsenal, and 
124 invoices of ordnance stores have been received at this arsenal, 
making a total of 403 receipts and issues. 
Kespectfully submitted. 

L. S. Babbitt, 

Lieutenant' Colonelj Ordnance Departmentj U, S. A,j Commanding. 

The Chief of Ordnance, U. S. Army, 

Wa^hington^ J). G. 
(10097— Enc. 5) 
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TESTS OF CHARCOAL AND SMOKELESS POWDERS AT BEXICIA ARSENAL 

FROM SEPTEMBER 1, 1896, TO AUGUST 31, 1897. 

Work on the new proving ground has been continued during the year. 
Approaches to the new ground, causeway across marsh, and cribs for 
screens completed, and cut in opposite hill to serve as target enlarged. 
Also 8-inch converted rifle and platform installed and concrete firing 
platform for field gun laid. A brick instrument house and a light 
wooden loading house completed. Drawings for light iron screen 
fi anies have been made and the work thereon is now being done at the 
ursenal shops. 

The original plan of installing 8-inch, 10-inch, and 12-inch B. L. rifles 
at the proving ground has been abandoned as iinfavorable, and there- 
fore, as in the past, powders for these guns will be tested at the Presidio 
of San Francisco. 

No new smokeless powders have been submitted for test since last 
report, though a number of lots, similar to those previously submitted, 
have been tested. 

Tlie Giant Powder Company which, a year ago, installed a testing 
plant at considerable expense, has abandoned the attempt of making 
smokeless powder, although the last lot tested very nearly fulfilled the 
Government re(|uirements, and failed only in the moisture test. This 
action is supposed to be the result of a i>rivate agreement between 
several rival high explosive works on this coast by which a disastrous 
cut rate war was settled. It is believed that the powder made by the 
Giant Powder Works is practically identical in composition with that 
made by the California Powder Works (known as the Peyton), but 
lacked its ballistic qualities through want of proper treatment. 

After tlie recei])t of the 3.2-inch B, L. rifle, adapted to metallic 
aninmnition, several tests were made with powder furnished by the 
Ignited States Smokeless Powder Company; also one test with Giant 
smokeless, adapted to the same gun. 

Two lots of powder designated in last report as ^^ Italian smokeless,^ 
were tested. The representative of the inventors claimed ignorance of 
the composition of this powder. The color of the smoke on flashing, 
and its flashing when treated with sulphuric acid, showed it to be a 
chlorate mixture. Late correspondence with the representative showed 
such a lack of even the rudiments of the ballistics of powder that fur- 
ther tests were abandoned. 

CHARCOAL POWDEBS. 

A lot of 40,000 pounds saluting i)owder for the 3.2 and 3.6 inch rifled 
field guns and a lot of 10,000 pounds for S. B. seacoast guns were 
inspected at the California Powder Works August 14, 1897, and proved 
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early in September at this arsenal. AVitli this exception the only char- 
coal powders tested were those submitted under contract for the 10 inch 
and 12.inch B. L. rifles by the California Powder Works, represented 
by Mr. Bernard Peyton. 



Brown prismatic powder for 12-inch B. L. rifle. 

Contract of December 5,1895. Reqairementa : Maximnm charee, 490 ponnds; projectile, l.OCM 
pounds ; maximum pressui-e, 38,000 pounds per square inch ; muzzle velocity, 2,025 feet per second.] 



Date of test. 



Nov. 13, 1896 
Do 




Pounds. 

490 
465 



Pounds. 

1,000 
1,000 



Ft. sec. 

2,111 
2,043 



Pressure 

per sQuare 

inon. 



Pounds. 

40,835 
37,350 



Remarks. 



(Residue great in 
both cases. Ac- 
cepted. 



Brown prismatic powder for lO-inch B. L. rifle. 

{Contract of December 2, 1895: 10-inch B. L. rifle, mounted on Buffington-Crozier disappearing car- 
riage No. 2. Requirements: Maximum charge, 280 pounds; projectile, 575 pounds ; muzsle Vdlooity, 
2,025 feet per second; maximum pressure, 38.000 pounds per square inch.] 



Date of test . 



Pressure 

Charge. \ Projectile. Velocity, per square 

incli. 



Feb. 8,1897 



Do. 
Do. 



Feb. 9.1897 

Do 

Do 



Pounds. 
186 


Pounds. 
575 


250 
280 


575 
575 


270 
250 
280 


575 
575 







Ft. see. 
Lost. 

1,870 
Lost. 

1,982 

"*2.'625" 



Pounds. 
16,950 

33,500 
43,650 

38,200 
30,200 
43,100 



Remarks. 



First screen short 
circuited by spec- 
tator joining 
wires. 

Fired to test car- 
riage only. 

Rejected. 



The above firing was also to test the working of the gun carriage, 
and for that purpose the elevation of the gun had to be changed, caus- 
ing considerable delay in arranging screens. The precipitous nature 
of the ground in the immediate front of the batteries at the Presidio 
makes it difficult to erect screens. In this case the uprights were over 
30 feet high 

During loading, etc., the parapets were thronged with people and the 
record of the third shot was lost by some one accidentally joining two 
loose wires, llecent orders forbidding the presence of all unauthor- 
ized persons should do away with such annoyances in future. 

In May a second lot of lOinch powder was submitted, bat was 
rejected for lack of uniformity. 
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SMOKELESS POWDERS. 



GIANT SMOKELESS. 



The following table contains results of tests conducted under Lieut. 
O. M. Lissak, Ordnance Department: 

[Except where noted, F. A. shell and E.jg primer wei-e used.] 



Powder. 



Charge. 



M23C 

Giant nmokeleAs. 

Do 

Do 



Do. 
Dt>. 

Do. 



H powder. 

Do.... 

M 2:iC.... 



Grains. 

36 

42 
41 

41 

40 
40 

40 



41 
39 
36 



Pro- 
jectile. 



Oraiii*. 

220 

220 
220 
220 

220 
220 

220 



220 
220 
220 



Velocitj- 
at 50 feet. 



?Y. gee. 



1,994 

1,908 
1,890 

1,794 



l*reM8ure 

per 

square 

inch. 



Date of test. 



Pounds. 

37, 830 
39,250 



37,150 
35,880 

37. 370 



KeniarkH. 



1.852 ' 37,180 



2,036 



«^«-» TT AQfut /Pressure mean of 12 
Sept. 17, 1896 I ^^^^ 

Oct. 9, 1896 I) Winchester prinur 

do 1} 2^ W., F. A. Mhell 

do j and bullet. 

.i« 'jf Winchester shell 

"" A and bullet. 

.ir. ' i Winchester shell 

"** \ and F. A. bullet. 

Fired for velocity 
1 1 only. Previous 

do ^ sh<»tM, velocity, and 

pressures taken 
together. 
4:., 8m) ' Oct. 12.1896 ) 
:j9, 100 ; (l«. ^Mean <.f '> shots. 



43,720 do 



^larcli 24, 1897, Mr. Hasselnieier, repre-sentin^ir tlie (iiant Powder 
Company, presented a sample of small-arms powder lor test. 

This powder, marked E, was in cylindilcal irrainsO.OSl inch lon;^- and 
O.Oo.'i inch diameter, uniform in size of jrrain, and well glazed. Mr. 
Hasselnieier stated it was pressed and cut by macliiiie, and had appro.x- 
imately the followini; composition: 40 per cent nitroglycerin, H) per 
cent nitrocelhilose (hydro nitrocellulose), and 20 per cent ammonium 
]>iciate, to which was added 2 per cent of oxide of zinc and one half 
per cent lampblack. 

r>y more ])eriect treatment it was claimed that the defects of previous 
powders had been overcome. 

The foUowin^r table sets forth the result of tests made thereon : 

[Fraukford .Vrsenul shell and bullet.] 



Date of test. Charge, ity at 50 varia 

feet. tion. 



Teloe- Mean Extreme ^^p*®^""' ^^'*" Extreme 

square 
ineh. 



varia- 
tion. 



varia- 
I tion. 



varia- 
tion. 



Keinarks. 



Mar. 24. 1897 

Do 

Do 

Do 

Mar. 27. 1897 

Do 

Mar. 30. 1897 



• < 



Grains. Ft. nee. 
40 



41 

42 

43 

a 43 

a 42 



2. 105 
2,141 
2,093 



a 42 2. 098 



7.0 
14 






13 
30 

42 



Pounds. 
36,000 
37, 150 
37,000 
39,000 
38, 550 
37.200 



37,045 



940 
480 

655 



^•^ |Mean of 5 .shots. 

Mean of 10 shots. 
Standard for 
heat and inois- 
turo teats. 



2, 85.'> 



a Veloc Ity and pressure taken separately. 

Several hang fires occurred, usually accompanied by loss in velocity. 
The greater variations, when 42 grains were tired, is believed to be due 
to the fact that the powder did not till the case. With 4:i grains the 
case was completely tilled. 
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When exposed for twenty-four hoars in closed vessel over water the 
following results were obtained : 



Date of test. 



r.u Velocity ^ Mean , Extreme Variatiom Pressure 

C»^-g- atSOfeei variation J variation. ,^- ^.j P^-JJ-- 



Remarks. 



Apr. 9, 1897 
Apr. 17, 1897 



Oraint.' Ft. see. 

42 ! 2.008 

42 I 1,980 

42 I 1,972 



30 
34 

18.5 




Pounds, 

87, 045 Standard. 
Less than ] 

Less^tC Mean of 10 shot.. 
35, 000 ;J 



(No coppers of less than 35,000 initial compression on hand.) 

When exposed for twenty-four hours to a temperature of 130^ F. the 
following results were obtained: 



I Veloc- j Mean *Jlil* Variation 
Date of test. Charge.;ityat50 varia- i, ®^® 
I fe«t. tion. \»^^»- 



from 
standard. 



I • Orains.l Ft. see. 

I Apr. 9. 1897 ! 42 2, 055 i 30. 8 



44 



43 



Pres- 
sure per 
square 

inch. 



Pounds. 
37,300 



Mean 
varia- 
tion. 



Ex- 
treme 
varia- 
tion. 



690 1,100 < 



Remarks. 



fPressnre mean 
of 5 shots. Ve- 
locity mean of 
10 shots. 



From the above it will be seen that this powder failed, as when tested 
at Frankford Arsenal previously, in its ability to withstand exposure 
to moisture. (The small amount of powder submitted prevented more 
extended liring.) 

During tliese tests notice was received that the (riant Powder Works 
had abandoned making smokeless powder. On April 16 Mr. Hassel- 
meier, in his individual capacity, submitted a lot of what has previously 
been designated as ''Giant smokeless," adapted for field gun using 
metallic ammunition. The composition was as mentioned before. It 
was in the form of rods 6.25 inches long and 0.222 inch in diameter, and 
was unghized. 

Following is the result of liring: 

[3.2-inch H. L. rifle, metallic ammunition, Geitlom mechanism.] 



Veloritv at Pressure 
Datf of lest. Chargi'. Projectile, j i no feet P©r square 





Ounceu. 


Vpr. 16. 1897 


12 


Do ' 

Do 


16 

18 



Pounds. 



Ft. sec 



16^ 
16^ 



Pounds. 
1 (\a,\ /Lexs than 
^'"**" \ 15,000 
1. 300 20, 600 

1, 451 22. 900 



Kemarks. 



il ounce black i>owder pHming. 



Owing to small (juantity submitted, no 8U])plementary tests were 
made. Tlie lack of glazing, and the relative roughness of the rods, 
would doubtless cause a greater variation under the moisture test than 
was the case with the small -arms powder. 



ITALIAN SMOKELESS. 
[Submitted by Mr. Gabrifl, of San Jose, representing tlie inventors.] 

The first received was in three lots, marked ''A'' special, ^^B'' 
special, and ''C-' special, all of irregular grain, with a mean diameter 
of 0.04, 0.10, and 0.15 inch, respectively. 
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The following are some of its characteristics : White, friable, flashes 
easily and violently, giving off quantities of white smoke, with purple 
tinge, indicating presence of potassium salt; residue considerable, not 
sensitive to shock or friction ; rusts gun very badly. 

[Frankford Arsenal shell and ballet.] 



Kind of powder. Date of test. Charge. }^*5j?5Jiy 



"A" special ' Feb. 24, :897 

Do ' do 

••B" special do 

Sample D i Mar. 2,1897 

Do do 

Do do 

Sample E do 



<i rains. 

35 

37 
37 
37 
35 
36 
36 



at 50 feet. 



Ft. see. 



Pressare 

per square 

inch. 



1.502 

1.597 
1.583 



Remarks. 



1,586 
1.547 



Pounds. 
rLess than 

371250 l^eanof 2shots. 

36^050 I 

46,400 I 

36, 2u0 I Second lot marked 

40,570 f D&E. 

39.400 j I 



Later three more lots marked *' A'' special, '^B" special, and '^C^ 
special were received. As the granulation was entirely too large for 
the small arm, the agent kindly notified this arsenal in his letter of 
transmittal that tlie grains could be broken up to suit the inspector. 
Samples not tested. 

UNITED STATES SMOKELESS. 

All tlie powders submitted by this company are intended for the field 
gun and are largely the metallic salts of picric acid; the general com- 
position being about : 30 per cent barium picrate, 60 per cent ammonium 
picrate, 10 per cent picric acid. 

Ill all, three lots of varying composition were tried. The powder 
was ill the form of dark yellow spherical pellets, hard on the exterior, 
but breaiving up rather easily when the outer skin was cracked. Fol- 
lowing is result of firing: 



Dato of t«*8t. 



Kind of 
jiowder. 



IVh. 11. 1897 Sample "A," 
,'| me^h. 

Do Sample "A," 

? raefth. 

Do .Sample "A," 

Jf me-<4li. 

Do Sample "A," 

Alar. :{. 1897 .Sample *'B,' 
J mesh. 
Do do 



Do Sample "B, " 

I mesh. 
Do do 



Do Sample "B." 

^ mesh. 
Do do 



Apr. 13. 1897 Sample 'C," 
I I mesh. 



Charge. 



10 ounces smokeless, 

1 ounce priming. 
do 

do 

12 onnces smokeless, 
1 onnce priming. 

12 ounces smokeless, 
^ onnce priming. 

16 ounces smokeless, 
I onnce priming. 

do 

18 ounces smokeless, 
i ounce priming. 

16 ounces smokeless, 
i ounce priming. 

18 ounces smokeless, 
i ounce priming. 

do 



I I Veloc Pres- 

Pro- I Ity at sure per 
iJectile. I ioo Kquare 
I ; feet. inch. 



Remarks. 



Pounds. 



16i 
16J 
16| 

m 
l^ 

16i 
16J 
16i 
16J 
16i 



Ft. sec. 
1,038 

Lost. 

Lost. 

1,140 

1,058 

1.124 

1.221 

1,261 

1,268 

1,361 

1,411 



Pounds. 
26,000 

19.600 

•J4. 600 

36. 400 

17. 750 

24,600 

24,700 

29.200 

24,150 

34,200 

.53,200 



^Present: Mr. T. 
Hopkins, pres- 
ident United 
States Smoke- 
less P o w d e r 
Company and 
Mr. Starke, 
chemist. 
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The samples ^' A," '* B/' aud "• O " varied in compositiou. The behavior 
of this powder was not satisfactory. There always appeared a critical 
pressure below which the combustion was slow and incomplete and the 
integrity of the grain was maintained, but above which the explosion 
was violent, witli sudden and great rise in pressure without correspond- 
ing gain in velocity. It is my opinion that at this pressure the grain 
was broken up and the explosion partook of the nature of an explosion 
of a higher order. 

The inspection of smokeless powders made by the California Powder 
Works is still in progress. None of this powder is to be tested here, 
aud as the manufacture is confidential^ it will be embodied in separate 
report. 

KespectfuUy submitted. 

E. B. Babbitt, 
Lieutenant^ Ordnance Department^ TJ. o. A, 

Benicia Arsenal, Cal., August 31, 1897, 

(17188— Euc. 3) 
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REPORT OF THE INSPECTOR OF POWDER. 

Office of the Inspector of Powder, U. S. A., 

Wihnhigton, Del., September ,9, 1S97. 

Sir : I have the honor to submit, in compliance with your instructions, 
the following report of this office for the year ending June 30, 18!)7 : 

The installation of the proving ground connected with this office 
remains as stated in my last annual report. All the pieces have been 
in use during the past year. 

CHARCOAL powders. 

No new work in this line has been entered on during the year, but 
contractors have been engaged in furnishing powders under contracts 
already in existence. The apparently certain adoption of smokeless 
powder throughout our service in the near future reduces the impor- 
tance of this branch of the subject, but it is, nevertheless, intended to 
have it on a systematic and well-organized footing, so that recourse to 
it could be had in case of necessity. The presses, plates, etc., neces- 
sary for the production of the entire series of powders required for the 
pieces in service are on hand and ready for use. 

SMOKELESS POWDERS. 

My last report states that when nitroglycerin is used under certain 
conditions there appears to be no objection to its employment in pow- 
der, but that, on the other hand, there are decided advantages on the 
score of high ballistics and economy. These conclusions were drawn 
from general information and from the results of the experiments with 
five smokeless-powder compositions described in my last annual report. 
These experiments, which were still in progress when that report 
was made, were completed during the past year, except those involv- 
ing long storage, and the results are only confirmatory of the conclu- 
sions derived from the earlier and principal portion of the series of 
experiments. 

It was then decided to investigate more fully the compositions com- 
posed essentially of nitrocellulose and nitroglycerin, and to make the 
experiments with cannon powders for the service guns. Accordingly, 
three compositions were selected, all of the type designated "NN'' 
(nitrocellulose-nitroglycerin), which are designated and described as 
follows : 

NN (130-10); nitrocellnlose yielding 13 per cent of nitrogen, the powder contain- 
ing 10 per cent of nitroglycerin. 

NN (12-25); nitroceUulose yielding 12 per cent of nitrogen, the powder contain- 
ing 25 per cent of nitroglycerin. 

NN (11-40) ; nitrocellulose yielding 11 per cent of nitrogen, the ])Owder contain- 
ing 40 per cent of nitroglycerin. 

These compositions were regarded as including the practicable varia- 
tions within the type, and as producing only allowable erosion and 
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heating eflfects. The qaestion of the form of granulation was also to 
be decided. The Maxim Powder and Torpedo Company succeeded in 
granulating a portion of the above range of compositions in their 
"multiperforated" form, which is regarded as possessing decided 
advantages, but those of the more indiarubber-like consistency had 
proved too refractory, and there seemed to be a question whether the 
composition most suitable in other respects would prove amenable to 
the most suitable granulation. As granulation is.a mechanical process, 
it was thought well to interest private manufacturers in the solution of 
the problem, and this course was adopted. 

To continue the development on the Jines indicated above contracts 
were awarded to the Du Pont Company, the Laflin & Band Powder 
Company, and the California Powder Company for powder for field 
guns, 12-inch mortars, and 10-inch B. L. rifles. The compositions were 
prescribed as those stated above, but the form of granulation was left 
to the manufacturers. By this means it is expected to obtain a com- 
parison of the eflfects of these compositions in several forms of granu- 
lations, strips, thin squares, tubular, and multiperforated. These pow- 
ders are now being delivered and tested at the proving ground in the 
execution of the current work in place of the bro^yn powder that would 
otherwise be required, and when the test of the series is completed the 
results will, it is hoped, furnish sufficient information to warrant the 
adoption of approximately the most suitable composition and form of 
grain. 

This investigation is mainly devoted to the NN type of composition, 
but others are not excluded, and it is intended that the results obtained 
with this type shall be compared with the best obtainable from other 
types before it is regarded as completed. In pursuance of tliis policy 
orders have been given to the California Powder Works for a sample 
lot for the 8-inch B. L. rifle of the "Peyton" composition, to the Laflin 
& Rand Powder Company for a sample lot for the same gun of '* W.-A." 
composition, one to the American Ordnance Company for a sample lot 
for 10-inch B. L. rifle of one of the best foreign compositions, and also 
one to the Du Pont Company for a special form of grain of the NN 
type. 

Manafacture of the above-mentioned powders has progressed suflB- 
ciently to show that any of the forms of granulation above mentioned 
can be satisfactorily produced in each of the compositions prescribed, 
but the testing has not at this writing proceeded so far as to enable 
final comparisons to be made among the different compositions and 
forms of grain. 

For more than two years this ofl&ce has endeavored through its rela- 
tions with private manufacturers to further the development of the 
"multiperforated" form of grain. The advantages of this form were 
first theoretically set forth by General Rodman, but it was impractica- 
ble to realize them in the charcoal powders. To the Maxim Powder and 
Torpedo Company belongs the credit of having revived the idea and 
applied it practically to the colloidal smokeless-powder compositions. 
At my instigation the study of this form was taken up by the Du Pont 
Company about two years ago, and the results obtained confirm by 
practical trial the theoretical conclusions, and indicate the balli&tic 
superiority of this form over any other yet produced. Other consider- 
ations may in particular cases outweigh this ballistic superiority, and 
the definite determination of the relative values of the various condi- 
tions that affect the question is one of the principal objects of the 
experiments just mentioned. 
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With the old charcoal powders it was customary, when an increase 
of velocity was desired without an increase of the maximum pressure, 
to use slower powder and increase the charge; and there was hardly a 
limit, except size of chamber, to which this method could not be car- 
ried with beneficial results as respects the velocity. But such a limit 
is easily reached with the smokeless powders, burning by parallel sur- 
faces as they do, and granulated in forms fav^orable to i)rogressive com- 
bustion. This was well shown by two series of experiments made for 
the determination of the most suitable thickness of grain for the 3.6-inch 
field and 7-inch siege mortars. The grains were in the form of thin 
squares, three-eighths inch on an edge for the field mortar and three- 
fourths inch for the siege mortar. The composition was practically the 
same throughout. The thickness of the grains was not very uniform 
throughout a sample, and the value given in each case is the mean of 
several taken at random. The charge given is, for each sample, that 
giving a maximum pressure of 15,000 pounds per square inch in the 
field mortar, or 18,(K)0 pounds in the- siege mortar. The weights of 
the projectiles were, respectively, 20 and 125 iK)unds. Tlie relation of the 
quickness and charge to the velocity are shown in the following table: 



3. 6- inch field mortar. 




7-ioch siege nu 
ThickneM. Charge. 

Inch. , t)unee$. 


>rtar. 
Vd 




Thickneas. 


Charge. 
Ounces. 


Velocity. 
Fret per see. 


ocity. 


Inch. 


Feet 


per see, 


0.021 


6.5 




680 


0.026 


36 




750 


.026 


7.5 




680 


.030 


42 




780 


.032 


9.0 




665 


.035 


47 




793 


.039 


9.7 




655 


.045 


54 




773 




. _ _ 




_ 










_- 



For this granulation the increase variation in thickness affects some- 
what the progressiveness, while the use of grains too thick to be con- 
sumed in the gun practically causes a reduction of the chamber space 
through the inclusion therein of useless material. 

The Peyton composition is now used for the service powders for the 
.30 caliber magazine rifle and gives good satisfaction. The Laflin & 
Rand l*owder Company is anxious to produce a powder along the lines 
of its W.-A. |)owders for this piece. The powders so far produced show 
some iK)ints of relative advantage and some of relative disadvantage 
in comparison with the " Peyton " composition. In order to aid and 
expedite the development of this powder an order has been placed 
with this company, under which it is now experimenting with a view to 
decreasing the objectionable features. 

The question of adopting a suitable smokeless powder for the .45-ca]- 
iber Springfield rifle with which the National Guard is being armed has 
been investigated during the year. It is not diflicult to reproduce the 
results obtained with black powder, and with the 500-grain bullet 
the recoil is so great as to preclude an increase of velocity sufficiently 
great to warrant resighting the store of arms. But if the old 405-grain 
bullet be employed we are enabled by the use of smokeless jwwder to 
employ a very considerable higher velocity than that given by black 
powder. The question of mast suitable weight of bullet is thus reopened 
and experiments for its solution are now in progress. 

In conclusion, the only smokeless powder actuaUy adopted as yet for 
service use is the '•Peyton" powder for the .30-caliber magazine rifle, 
at present manufactured by the Du Pont Company and the California 
Powder Comjiany. But we have progressed sufficiently with the 
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development for other calibers to determine powders for them all that 
give excellent results, far better than those obtainable from charcoal 
powders, and near to the best that can be expected from smokeless pow- 
der. The object of further delay in formally adopting standard powder 
for service use is to secure first the highest practicable qualities and 
thus avoid subsequent change. 

INSPECTION OF POWDER. 

During the year the following contracts and orders have been in 
process of execution under my inspection : 

With E. 1. Du Pont de Nemours «fc Co. : 

(1) Order dated September 23, 1894, for 500 pounds smokeless powder for 8-inch 
B. L. rifle. 

(2) Contract dated December 2, 1895, for 26,000 pounds black sphero-beza^onal 
powder for siege cannon and 12-inch mortars; 65,000 pounds brown prismatic for 
i2-inch mortars ; 90,000 pounds for 8-inch B. L. rifle ; 120,000 pounds for 10-inch 
B. L. rifle, and 202,000 pounds for 12-inch B. L. rifle. 

(8) Onler dated May 20, 1896, for 200 pounds smokeless powder for 3.6-moli and 
7-inch mortars. 

(4) Contract dated May 26, 1896, for 25,000 pounds black sphero-hexagonal IK)W- 
der for 15-inch S. B. gun. 

(5) Contract dated February 17, 1897, for 11,000 pounds of smokeless powder in 
experimental lots for various cannon. 

(()) Several small orders from Sandy Hook Proving Ground for experimeDtal 
smokeless shell powders and high explosives. 

(7) Several small orders from Frankford Arsenal for experimental smokeless small- 
arms powders. 

With the Maxim Powder and Torpedo Company : 

(8) Contract dated January 13, 1896, for 85?) pounds smokeless powder for special 
tests. 

With the Laflin & Rand Powder Company : 

(9) Order dated March 11, 1897, for 50 pounds cxi)eriniental smokeless powder for 
.30-caliber rifle. 

(10) Contract dated June 5, 1897, for 5,000 pounds experimental smokeless powder 
for .30-caliber rifle. 

With Atlantic Dynamite Company : 

(11) Contract dated June 26, 1896, for 1,500 pounds Emmensiti'. 

At the close of the fiscal year Nos. 3, 6, 7, 8, 9, and 11 had been com- 
pleted. 

Under these orders and contracts the following amounts have been 
delivered during the year: 

Poandfl. 

For small arms, smokeless 65 

For 3.2-inch fleld gun, smokeless 3,530 

For3.6-incli Held mortar, smokeless 35 

For 7-iiich siege mortar, smokeless 165 

For 12-inch mortars, brown 23, 277 

For 12-inch mortars, smokeless 700 

For8.inch H. L. rifle, brown 16,400 

For 10-inch H.L. rifle, brown 63,450 

For 10-inch \i. L. rifle, smokeless 2, 000 

For 12-inch B. L. rifle, brown 12,000 

For shells, smokeless for .30 caliber rifle 430 

For shells, gun cotton 13 

For shells, Emmensite 1,500 

Very respeetftilly, your obedient servant, 

Sidney E. Stuabt, 
Captain^ Ordnance Department^ U. 8. A.y Inspector, 

The Chief of Ordnance, U. S. Army, 

Washington^ I). (J. 
(10394— Enc. 6) 
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PROfiRESS REPORT OF MASUFACITHK OF STEEL FORdlXfrS, ETC.. AT 
Mirn ALE STEEL WORKS, PHILADELPHIA. PA., i)( RIXG THE FISCAL 
FEAR ENDING JUNE SO, 1S97. 

MiDVALE Steel Works, 
PItiladilphiay Pa.j September i, IHiJT. 

Silt : I have the honor to transmit the following report upon the opera- 
tions undertaken for the Ordnance Department, U niteil States Army, 
by the Midvale Steel Company for the fiscal year end^ .Tune 30, 1897, 

All information relative to manufacture is omitted from this report 
upon the request of the Midvale Steel Company. The right to make 
this request is granted in the specifications embodied in the contracts, 
and all information given by the company is to be considered as confi- 
dential, and for the use of the Department only. 

Li»t of fabricatioMs. 
STKEL FOIUJINGS. 



No. of 
con 
tract 

or 
ord«'r. 


Date of 

contract or 

order. 

Aug. 14, 1896 

May 5.1897 

Aug. 13, 1896 

.... do 


Date of 

expiration of 

contract or 

extension of 

contract . 


I 
2 

^ 

4 


June 4, 1899 , 
June 2, 1898 ' 
Feb. 7, 1898 
do ; 


r» 

7 
8 
9 


May 1,1897 
Dt>c. 4, 1896 

do 

Aug. 15, 1896 
do 


Apr. 30, 1898 j 
Mar. 18, 1898 
Apr. 22. 1898 
Immediate . . 
do 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


Jan 9, 1897 
June 28, 1896 
Aug. 14.1896 

do 

do 

do 

do 

do 

do 

do 


do 

do 

Jan. 15,1897 
Mar. 15. 1897 
Jan. 16,1897 
Apr. 2, 1897 
July 3,1897 
1 Feb. 13, 1897 
Apr. 6.1897 
Nov. 24, 1807 


•JO 


Sept. 19, 1896 


Oct. 21. 1896 5 


21 


Fob. 11,1897 


Immediate . . 1 

1 / 


22 


Apr. i;t, 1897 


do ' 


23 

24 


Aug. 10, 1897 
Aug. 5,1896 


do ! 

Aug. 5,1897: 



Fabrication. 



21 Het8 steel forgings for 12-iuch B. L. ritle. model 1895. 

7 sets 8t«el forgings for 12-inch B. L. ride, model 1895. 

8 set.s Hteel forgings for 12-inoh B. L. K. mortar, model 1886-90 M|. 
6 sets steel forgings for 12-inch B. L. R. mortar, model 1890 Mi. 
30 »eU steel forgings for 12-lnch B. L. K. mortar, model 1890 Mi. 

20 sets steel forgings for 7- inch B. L. siege mortar, model 1892. 

30 sets steel forgings for 3.2 inch B. L. R. field gun, model 1890. 

1 extra hoop A , for 12-inch B. L. rifle, model 1896. 

1 extra set breech mechanism for 12-inch B. L. ritle. mmlel 1895. 

1 jacket-locking hoop for 5 inch R. F. gun. 

1 carrier ring, 1 breech block, for 5 inch R. F. guu. 

115 8-inch steel A. P. shot, large core. 

205 10-inch steel A. P. shot, large core. 

100 12- inch steel A. P. shot, large core. 

225 Ifl-inch steel A. P. shot, smill core. 

375 12inch steel D. P. shell, 800 pounds. 

105 12-inch steel D. P. shell, 1,000 pounds. 

247 12-inch steel torpedo shell, 800 ponnds. 

247 12 inch steel torpedo sholl, 1,000 pounds. 

1 steel tray casting for 12-inch B. L. rifle, model 1896. 

1 steel hinge block for 12-inch B. L. rifle, model 1896. 

100 forged steel bars. 57 inches long, for 400 traversing rollers. 
10 steel tray castings for 10-inch B. L. rifle, model 1895. 

14 steel tray castings for 12-inch B. L. rifle, model 1895. 
I steel hinge plate for 10-inch B. L. rifle, model 1895. 

101 steel billets for Watertown Arsenal. 

1 10-inch Howell counterpoise gnn carriage. 



OUTSIDE WORK. 

Under this head are comprised fabrications made at works other than 
those ol* the Midvale Steel Company. 
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STEEL FORGINGS AND STEEL CASTINGS. 



No. of 




con- . 


Date of 


tract 


contract or 


or 1 


order. 


order.' 





Date of 

expiration of 

contract or 

extension of 

contract. 



Fabrication. 



25 
28 



Nov. 5,1894 
Oct. 21,1895 



27 Aug. 13, 1896 



28 
29 



/Sept. 8,1896\ 

\Sept.20.I896i 

May 10, 1897 



June 5, 1895 
Nov. 30, 1895 



Immediate 



.do 
.do 



30 AujE. 14, 1896 

81 Sept. 7,1896 

32 May 5. 1897 

33 May 10,1897 



Feb. 13,1896 

do 

do 

do 



34 



35 



36 



Nov. 20. 1896 



Mar. 16, 1896 



.do 



fSept 
[Jan. 
37 I Jan. 



38 
80 
40 
41 
42 



Jail. 
Apr. 
Feb. 
July 
JuJv 



. 7. 1896\ 

— , 1897/ 

19. 1897 

25, 1807 

12, 1M97 

i 

8, 1897 , 

12, 1897 i 

I 

:n. 1897 ! 



Imnie<Iiate . 



do 
.do 



do 

May 14,1897 

Immediate!.. 

do 

S«l»t.:iO, 1897 



43 


JitnelO, 1S96 


Sept. 14, 1896 


44 


! July 1, 1896 


Immediate . . 


45 


do ...... 


Oct. 27,1896 


46 


' Doc. 1, 1800 


ImmediaU) . . 


47 


' Sept. 14. 1896 


do 


48 


1 

; do 


do 


49 


Jan. 1, 1HH7 


do 


50 


Jau. 14, 1897 


do 


51 


F«b. 15. 1897 


do 


52 


Extra ordtT 


do 


5:1 


do 


do 


54 


Mar. 5, 1897 


do 


55 


' Mar. 20, 1897 


do 


50 


June 9,1897 


2 montliH 


57 


June 16, 1890 


Immediate . . 


5S 


J line 28, 1X97 


do 



MAUK BY THK WM. CBAMP * SONS SHIP AM) BNQINE BUILDDTO CO., 

PHILADELPHIA, PA. 

1 10-incb spiller pneumatic disappearing carriage. 
1 3.2-incb limitea-recoil Driggs field carriage. 

MADB BY PKNN IBON CO., UkNCASTBR, PA. 

22S wrought-iron barn, 5 by 1-inch section, for Robt. Poole A. Son 

Co. 
rl91 wrought-iron bars, assorted hIzos, for Southwark Eonndry 

1 and Machine Co. 

140 wrought-iron bars, 5 by 1-incb section, for Kobt. Pooled Son 
Co. 

MAUK BY CHA8. 8<.'t)TT 8PKINU CO.. OF PHILADELPHIA, PA. 

1,425 coiled steel springs for Robt. Poole & Son Co. 

250 coiled sti^el springH for Southwaric Foundnr and Machine Co. 
, ' 875 coiled Hteel springs for Robt. Poole &, Son Co. 
, 375 coiled steel springs for American Hoist and Derrick Oo. 

MADK BY PHILADELPHIA BOLL AND MACHINE CO. 

190 guu iron castings for 12-inch mortar and 10-inch disappearing 
carriages. 

MADE HT PENN 8TEF.L CASTING CO., CHESTBB, PA. 

215 Steel castings for loinch disappearing carriage for Water* 

town Arsenal. 
(102Htcel castings for 12 iuoh Kmery elevating guu carriage for 
\ A.U.Emery. 

288 Hteel castings for 8-inch di8ai>pearing carriage, model 1884, for 
' Morgan En^im-ering Co. 
103 steel caHtiii>;s for 10-inc)i Howell counterpoise carriage for 
WoHt Point Foundry. 
: 24 steel castings for 12-iDch barbette carriage (altered gon lift) 

for Watertown Arsonal. 
' 12 steel castings for lO-inch ammunition truck for Watertown 
Arsenal. 
388 steel castings for 10-inch disappearing carriage, L. F., model 

1896, for Watertown Arsenal. 
112 steel castings for 5-inch Imrbetto carriage, model 1886, bal* 
anced pillar mount for Watertown Arsenal. 

MADE BY AMEEICAN 8TBEL CASTING CO., THURLOW. PA. 

; 30 steel castings for 12>incli dimippearing carriage for Watertown 
Arsenal. 
26 ste«;l castings for 12-inch barbette carriage for Watertown 
' Arsenal. 
I 140 steel castings for 8-inch disappearing carriage for Watertown 

Arsenal. 
; 6 steel castings for 12-incli shot truck for Watertown Arsenal. 
' IHO steel castings for 7- inch mortar carriage, model I8h2, for 
Watertown Arsenal. 
40 steel castings for 3.6-in('h mortar carriage for Watertown 

Arsenal. 
420 steel castings for 8- inch disappearing carriage, model 1884, for 

Providence Steam Engine Co. 
300 steel castings for 8-iuch disappearing carriage, model 1896, for 

Pond Machine Tool Co. 
390 steel castings for 8-inch ammunition truck for Pood Machine 

Tool Co. 
90 ste(>l ('astings for K-inch disapi>caring carriage, model 1896, for 

Pond Machine Tool Co. 
117 SI eel castings for 8-inch ammunition truck for Pomd Machine 

Tool Co. 
.160 steel castings for 8-inch ammunition trucks for Watertown 
Arsenal. 

2 steel castings lor 5-in(-h R. V. gun carriage for Watertown 
Arsenal. 

2 steel castings for 10-inch chassis, L. F., model 1894, ft>r Water- 
town Arsenal. 

140 steel castings for 12-inch disappearing carriage for Wfttortown 
Arsenal. 

39<i steel cnstings for lO-inch disappearing carriage, moM 1886, for 
Xiles Tool Works. 
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Steel forginga and steel castings — Continued. 



Ko.of 
con- 
tract 
or 

order. 



Date of 

contract or 

order. 



Date of 

expiration of 

contract or 

extennion of 

contract. 



Faltricatiuii. 



59 
60 
61 
62 
63 

64 

65 
66 
67 
68 
69 
70 
71 



7*J 



<■> 
74 

^" 
lO 

70 

77 
78 
79 
»• 
81 
82 



.1 line 22, 1897 



do 



Immediate. 
do 



June 24, 1897 I do 

July 21,1897 ' do 



Aug. 2,1897 

Aug. 13. 1896 
do 



Sept. and 
Oct., 1896. 
do 



do 

do 

Sept. no. 1896 
do 



MADE BY CAMBKIA IRON CO., JuHNSTOWN. PA. 

241 Rteel forgingn for 12-inc>h Emery «;levated gun carriage, for A. 

H. Ktnary. 
24 nteel forgings for 12-inch Emery elevated gun carriage, for A. 

H. Emery. 
75 Hteel forgings for 12-luch Emery elevated gun <-arriage, for A. 

H. Braerj*. 

1 ateel forging for 12-inch Emery elevated gun carriage, for A. H. 
Emery. 

2 Hteel forgings for 12-inch Emery elevated gun carriage, for A. 
H. Emery. 

MADE BY BENJ. ATHA ft ILLINOWORTH CO., NEWABK. N. J. 

Immediate.. 2,621 steel forgings for 12-inch mortar carriage, model 1896, for 
Kobt. Poole &, ^u Co. 



-do .. 



...do 2,109 steel castings for 12-inch mortar carriage, model 1896, for 

Robt. Poole &. Son Co. 

...do 51i^ steel forgingH for 12-inch mortar carriage, model 1896, for 

South war kToun<lry. 

...do 270 steel CHHtings for 12-inch mortar carriage, model 1896, for 

South war k Foundry. 

. . .do 1,227 sieel forgings for 10-inch disappearing carriage, L. F., model 

I 1896, for Southwark Foundry. 

. . .do 480 steel castings for 10-inch disappearing carriage, L. F., model 

1896. for Southwark Foundry. 

. . do 576 steel forgings for 10 inch disappearing carriage, L. F., model 

1H96, for Niles Tool Works. 

. . .do 312 steel castings for 10-iuch disappearing carriage, L. F., model 

I 1896, for Nile« Tool Works. 

Dec. 11. 1896 do 1 chaHsis casting for 10- inch disappearing carriage, L. F., model 

I 18M, for Kilby Manufacturing Co. 

Dec. 22. 1896 do 3 chassis castings for 10 inch disappearing carriage, L. F., model 

1894, for Kilby Manufacturing Co. 

...do 04 steel forcings for lo-iuch disappearing carriage, L. F., model 

1894, for Kiluy Manufacturing Co. 

. .do steel forginus for 10 inch disappearing carriage, L. F., model 

i 1894, for Kilby Manufacturing Co. 

Mar. 16, 1897 ' do 798 steel forgings for 8inch disappearing carriage, L. F., model 

I 1894, for Morgan Engineering Co. 

No date given 695 steel forgings for 8inch disappearing carriage, L. F., model 

1896, for Pond Maehine Tool Co. 

do 296 steel forgings, extra order, for 8-inch disappearing carriage, 

L. F , model 181)6, for Pond Machine Tool Co. 
Ma3- 5,1897 Immediate.. 403 steel castings for 12-inch mortar carriage, model 1896, for 
I Pn»vid<'nce >team Engine Co. 

do do 1,185 steel forgings for 12inch mortar carriage, model 1896, for 

Providence Steam Engine Co, 
Mav 10. 1897 I)e<;. 15, 1897 1,295 steel castinus for 12-inch mortar carriage, model 1896, for 

Robt. PiK)le & Son Co. 

do do 1,820 steel forgiiies for 12inch mortar carriage, model 1896, for 

Robt. Poole &. Son Co. 



do 

June 5. 1897 



8.t 
84 

85 

«f. 

87 
SS 
89 
9<) 
91 
92 



93 
94 



j MADE BY CROWN 8MELTING CO., CHESTER, PA. 

I Jan. 27,1897 Immediate.. 1,()98 Uronze eastings for 8-inch disappearing carriage, L. F., 

UKHlel 1894, lor Morgan Engineering Co. 

June 10. 1897 <lo 324 hronze eaatings for 8-inch disappearing carriage, L. F., model 

1894, for Morgan Engineering Co. 

(Feb. 10, 1897\ , iHl bronze castings for 8. 10, and 12 inch ritle and 12-inch mortar 

\ Mar.l3, 1897/ "" I for Watervliet Arsenal. 

Feb. 10, 1897 do 1,472 bronze castings for 8-inch disappearing carriage, model 1896, 

for l*ond Machine To<d Co. 

Extra order do 430 bronze castings for 8-inch disappearing carriage, model 1896, 

Pond Machine Tool Co. 



for 



do 



do 045 bronze castings (small) for 8-inch disappearing carriage, 

' model 18P6, for Pond Machine Tool Co. 

June 3, 1897 do 156 bronze castings for 8 inch disappearing carriage, model 1896, 

for Pond Machine Tool Co. 

Mar. '). 1897 do (>6 bronze castings for 10-inch disappearing carriage, L. F., model 

1896. for Southwark Foundrv. 

Sept. 1.1897 , do 90 bronze castings for 12-inc(i mortar carriage, model 1896, for 

I American Hoist and Derrick Co. 

Sept. 8. 1897 do 36 bronze consoles for 12-inch mortar for Watervliet Arsenal. 



Aug. 17, 1896 



MADK BY SOITHWABK FOU.VDBT AND MACHINE CO., PHUADBL* 

PHIA. PA. 

Feb. 1. 1898 10 12-inch spring return mortar carriages, model 1896. 



do ' Mar. 12, 1898 10 lOinch disappearing carriages, L. P., model 1896, 
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Of the above list the following numbers have been completed : Nos. 
3, 4, 7, 8, 9, 10, 11, 12, J 3, 14, 16, 17, 18, 20, 21, 22, 23, 24, 26, 26, 27, 28, 
29, 30, 31, 35, 36, 37, 38, 39, 40, 43, 44. 45, 46, 47, 48, 51, 54, 55, 59, 60, 
62, 64, 65, 66, 67, 70, 72, 73, 74, 75, 76, 77, 83, 84, 85, 88, and 89. 

The stores represented by these numbers have been shipped to their 
respective destinations. 

The unfinished work at the dat« of this rej^ort comprises Nos. 1, 2, 5, 
6, 16, 19, 32, 33, 34, 41, 42, 49, 50, 52, 53, 56, 57, 58, 61, 63, 68, 69, 71, 78, 
79, 80, 81, 82, 86, 87, 90, 91, 92, 93, and 94. 

No. 24, 10-inch Howell carriage, in above list was completed, as far 
as this station is concerned, by transfer to the inspector at West Point 
Foundry. 

References to the finished and unfinished work will be found under 
appropriate headings. 

I.— 12-INCH B. L. KIFLE, MODEL 1895. 
(a) Contract of August 14, 1896. 

This contract is for 21 sets of steel forgings. Bight complete sets of 
forgings and all the breech mechanism except the breechblocks have 
been shipped to Watervliet Arsenal. The eighth set is not due until 
December 5, 1897, but was delivered June 25, 1897, or 5 months and 10 
days before due. 

(b) Contract of May .5, 1897. 

Seven sets of steel forgings are to be made under this contract. 
Preliminary work only has been done. The first set will be due on 
September 5, 1897, but will not be delivered on that date. 

II.— 12-INCH B. L. R. MORTARS (STEEL). 
(a) Contract of August 13, 1896. 

This contract was for 14 sets of steel forgings — 8 sets of model 1886- 
90 Ml and 6 sets of model 1890 M]. The eighth or last set of model 
1880-90 Ml was delivered April 3, 1897. The 8 sets of this model were 
shipped to Watervliet Arsenal The sixth or last set of model 1890 Mi 
was delivered July 2, 1897. The 6 sets, of this model were shipped to 
the Builders Iron Foundry, Providence, R. I. 

The contract of August 13, 1896, will expire on February 7, 1898; 
hence the contract was filled 7 months and 5 days in advance of the 
date of expiration, and without penalty. 

(b) Contract of May 1, 1897, 30 sets, Model 1890 M,. 

Of the 30 sets of 12-inch mortar forgings to be made under the above- 
mentioned contract, 9 complete sets have been shipped, viz, .5 sets to 
the Builders Iron Foundry, Providence, R. I., and 4 sets to Niles Tool 
Works, Hamilton, Ohio. 

All the forgings for the 30 sets of breech mechanism except 2 breech- 
blocks and 2 spindles have been shipped to their respective destina- 
tions. 

To prevent confusion, all the odd numbers between Nos. 15 and 43« 
both inclusive, have been or will be shipped to the Builders Iron 
Foundry, while all the even numbers from Nos. 16 to 44, both inclusive, 
have been or will be shipped to Niles Tool Works. 

The company took this contract on short time; delivery of first set in 
45 days from date of contract and 1 set every 11 days thereafter. 
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Penalties were deducted for delay in the delivery of the first 5 sets 
for. 29, 24, 21, 14, and 8 days, respectively. Penalty for 5 days' delay 
w^rS also deducted from the price of the seventh set. 

The sixth, eighth, and ninth sets were delivered on time, without 
penalty. 

III.— 7-INCH B. L. R. SIEGE MORTAR, MODEL 1892. 
(Contract of Dkgkmrkk 4, 1896. 

This contract is for 20 sets of 7-inch mortar forgings. Ten sets have 
been completed at the date of this report, all within the time specified 
by the contract. 

Eight complete sets and all the forgings for the breech mechanism of 
the remaining 12 sets have been shipped to Watervliet Arsenal. 

IV.— 3.2 INCH B. I.. RIFLE, MODEL 1890. 
(Contract of Deckmbkr 4, 1896. 

The 30 sets of forgings for the 3.2-iuch field guns were all finished 
April 19, 1897, or 1 year and 3 davs in advance of the date of expira- 
tion of contract, April 22, 1898. 

This was an exceptionally fine lot of forgings. All were shipi)ed to 
Watervliet Arsenal. 

v.— MISCELLANEOUS POK(HNU8, ET(^ 

The following miscellaneous forgings and castings have been made 
by the Mid vale Steel Com})any for the Department since date of last 
report, viz : one extra hoop Ai for 12-iuch B. L. rifle, model 1896; 1 extra 
set of breech mechanism for 12-inch B. L. rifle, model 1896; 1 jacket- 
locking hoop for 5-inch R. F. gun; 1 carrier ring for 5-inch R. F. gun; 
1 breechblock for r).inch R. F. gun; 1 hinge block for 12-inch B, L. 
rifle, model 1896; 1 hinge plate for 10-inch B. L. rifle, model 1895; 
1 steel tray casting for 12-inch B. L. rifle, moilel 1896; 10 steel tray 
castings for 10-inch B. L. rifle, model 1895; 14 steel tray castings for 
12 inch B. L. rifle, model 1895. 

All the above forgings and castings were shipped to Watervliet 
Arsenal. 

One hundred steel forgings 8 inches diameter and 57 inches long 
were made and shipped to Robert Poole & Son Company. One hun- 
dred and one steel billets of various sizes were made for Watertown 
Arsenal. 

VI.— AKMOR-PIEHCING SHOT. 

[Coutrai t 4)1 August 14, 1896.] 

(a) 8-iN«'ii Stkkl a. p. Shot, larc>r core. 

There were 115 A. P. shot of this caliber, which were tested success- 
fully in 2 lots and were completed and shipped April 27, 1897. A 
penalty was exacted for 2 days' delay on the last lot. 

(6) lO-iNcii Stkkl a. p. Shot, large cork. 

There were 205 A. P. shot of 10-inch caliber tested in 3 lots, which 
were all finished and shipped by July 29, 1897. The first lot failed on 
ballistic test, was re treated, and passed the second ballistic test. The 
second lot incurred a penalty for 6 days" delay. One extra shot jv^ag 
made auH accepted, making a total of 206 projectiles. 
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(o) 12-INCH Steel A. P. Shot, large core. 

There were only 100 of these projectiles. They were tested in 2 lots, 
finished, and shipped March 6, 1897. The second lot incarred a penalty 
for 23 days' delay in delivery. 

(rf) 10-INCH Steel A. P. Shot, small core. 

The 225 shot of this kind aid caliber were divided into 3 lots for 
ballistic test. The first 2 lots were tested against an ll^inch tempered 
nickel plate and the last lot against a 10-inch harveyized and reforged 
steel plate. 

One extra shot was made and accepted. 

These shot were finished Jnly 23, 1897. 

All the above 4 kinds of projectiles (unhanded) were shipped to 
Watervliet Arsenal, except those for ballistic tests, which were sent 
to Sandy Hook Proving Ground, N. J. 

The entire contract was completed July 29, 1897. 

VII.— 12-INCH MORTAR SHELL. 

(Contract of August 17, 1896.] 
(a) 12-ixc:h D. P. Siikll — 800 pounixs. 

Three lots of these nhell have been tested, finished, and shipped to 
Watervliet Arsenal. 

The second lot was delivered on time, but the first and third lots 
incurred a penalty for a delay of 4 and 7 days, respectively. 

The fifth and sixtli lots will be delivered within the contract time. 

(h) 12-IN('H I), p. SlIELl^l,000 POUNDS. 

The 2 lots of these projectiles have been tested, finished, and sent to 
Watervliet Arsenal. There was a delay of 17 days on the seoond lot. 

(c) ri-iNrii ToKPEDO Shell — 800 pounds. 

These were divided into 4 lots for ballistic test, and have all been 
completed and shipped to Watervliet Arsenal. 

The first and second lots incurred a penalty for a delay of 2 and 7 
days, respectively. 

(d) 12-iN(:n ToKPKix) Shell — 1,000 pounds. 

Two lots of these shell have been tested, accepted, and shipped to 
Watervliet Arsenal. 

The other two lots are not yet due. but will probably be submitted 
on time. 

VIII.— 1()-1N('H HOWELL COUNTERPOISE GUN CARRIAGE. 

The contract dated August 5, 1896, for this carriage was transferred 
to the inspector at the West Point Foundry, where the carriage is being 
erected. 

i\.— oi:t8ii)K work. 

All material made at points other than the Midvale Steel Works is 
classed as '* outside work." The inspector stationed here had charge 
of the insp(»ction of material for the Ordnance Department, U. S. A., 



STEEL FORGINGS MIDVALE STEEL WORKS. 263 

at the following works, viz: (1) William Cramp & Sons' Ship and 
Engine Building Company, Philadelphia, Pa.; (2) Penn Iron Com- 
pany, Lancaster, Pa. ; (3) Charles Scott Spring Company, Philadel- 
phia, Pa.; (4) Philadelphia Roll and Machine Company, Philadelphia, 
Pa.; (5) Penn Steel Casting Company, Chester, Pa.; (6) American 
Steel Casting Company, Thurlow, Pa.; (7) Cambria Iron Company, 
Johnstown, Pa.; (8) Benj. Atha & Illingworth Company, Newark and 
Harrison, X. J.; (9) Crown Smelting Company, Chester, Pa.; (10) 
Southwark Foundry and Machine Company, Philadelphia, Pa. 

The details of these fubrications are given below, and in the 'Mist of 
fabrications" at the head of this report. 

(1) William Champ iV Sons* Ship and Engine Building (OMrANY. 

(a) One Spiller pneumatie (liitappearin</ carria(je for 10-inch B. L, rifie. 

{b) Three and two-tenths inch limited recoil field carriuge ( Driggs 
system). 

These two carriages were made under the direction of Capt. H. D. 
Borup, Ordnance Department, U. S. A., and have both been shipped to 
Sandy Hook, IN. J. 

(2) Fenn Iron Company. 

(a) Order of Robert Poole it' Son Company^ dated August 13, 1896, — 
This order called for 228 wrought-iron bars 5 by 1 inch in section for 
distance rings for 12-inch mortar carriages, model 1896. The order was 
completed October 22, 1896. 

(b) Order of Southwark Foundry and Machine Company, dated Sep- 
tember 8-30, 1S96.— This was for 191 bars of wrought iron, assorted 
sizes, for use in erecting 12-inch mortar carriages. It was completed 
October 22, 1896. 

(r) Order of Robert Poole d' Son Company, dated May 10, 1897. — The 
140 wrought-iron bars, 6 by 1 inch, on this order were furnished and 
tested June 16, 1897. 

(3) Charles Scott Sprinc; Company. 

(a) Order of Robert Poole cf? Son Company, dated August 14y 1896. — 
This order, for 1,425 coiled steel springs for 12-inch mortar carriages, 
was completed on time. 

(b) Order of Southwark Foundry and Machine Company, dated Sep- 
tember 7, 1896. — There were 250 coiled steel springs under this order, 
and all were promptly completed and shipped. 

(c) Order of Robert Poole i& Son Company, dated May 5, 1897. — This 
order, for 875 coiled steel springs, is for use in 12iuch mortar carriages. 
The first set of springs is due September 16, 1897, and 200 x)er month 
thereafter. 

{d) Order of American Hoist and Derrick Company, of St. Fauly Minn., 
dated May 10, 1897. — This order is for 375 coiled steel springs, to be used 
in the construction of 12 inch mortar carriages. The first set of 25 
springs was due and was delivered August 1, 1897. The contract calls 
for 50 springs per month after first set. 

There will be no trouble about the prompt delivery of these springs. 

The Charles Scott Spring Company are especially energetic, and their 
work is very satisfactory indeed in material, workmanship, and quality. 

It is the intention to make a special report on these springs at a 
future date. 
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(4) PlIILADKLPHIA ROLL AND MaCIIINK COMPANY. 

(Juii iron castings for 12-inch mortar and 10-incli disappearing car- 
riages. 

There were 170 castings for 12-inch mortar carriages and 20 castings 
for retraction chain drums for 10-inch disappearing carriages, model 
1896, ordered from this firm by the Southwark Foundry and Machine 
Company. 

The gun iron castings for the mortar carriages are completed, except 
2 racers and some replacements. 

For 10-iiich retraction chain drums, 32 castings have been made to get 
20, and 7 will have to be replaced on account of blowholes. 

Considerable difficulty has been experienced in getting these castings. 

(5) Pknn Steel CASTiNti C'ompany. 

All the steel castings for 10-inch ammunition trucks and 12-incli bar- 
bette carriages (altered gun lift) made for Watertown Arsenal, for 10- 
rnch Howell counterpoise gun carriage made for West Point Foundry, 
for 12-inch Emery elevating gun carriage made for Mr. A. H. Emery, 
C. E., and for 8-inch disappearing carriage, L. F., model 1894, made for 
Morgan Engineering Company, have been completed and shipped to 
their respective destinations. 

The 7 castings for 10 inch disappearing carriages made for Water- 
town Arsenal and referred to in last report have been completed. 

The steel castings for Sinch barbette carriage, model 1896, balanced 
pillar mount, and for the 10-inch disappearing carriage, L. F., model 
1896, all for Watertown Arsenal, are in progress and will probably be 
finished within a few months. 

((>) Amkkican Stkkl Casting Company. 

The steel castings for 8-lnch disappearing carriages, for 12-inch bar- 
bette carriages, and for 12- inch disappearing carriages (type) remain- 
ing unfinished at date of last report, have been finished and shipped 
to Watertown Arsenal. 

The steel castings for .'5.G-inch mortar carriages, 7-inch mortar car- 
riages, model 1892, 12-inch shot trucks, 8-inch ammunition trucks, 
oinch R. F. carriage, all for Watertown Arsenal, have been completed. 

The AVatertown Arsenal order for two 10-inch chassis rails needs one 
chassis to complete the order. 

All the castings for the 12-inch disappearing carriages made for 
Watertown Arsenal have been cast and most of them shipped. Two 
half racers remain to complete the original order, one of which is about 
ready for submission and the other has been condemned for flange 
broken in knbcking off" sinking head. Four of the gun levers and six 
elevating slides have been condemned for defects developed In machin- 
ing and will have to be replaced. Two of these gun levers are already 
cast. 

The castings for the 8-inch disappearing carriages, L. F., model 1894, 
ordered by the Providence Steam Engine Company, of Providence, R. 
I., have all been finished except 2 racers and 2 chassis, and one of each 
of these has been cast. 

The steel castings for the 8-inch disappearing carriages, L. F., model 
1896, and 8 inch ammunition trucks, ordered by the Pond Machine 
Tool Company, are three-fourths completed, and should be finished 
within two months. 
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The l*ond Machine Tool Company's first order is completed except 2 
gun levers, which have been cast. Their second is now in j)r()p:ress. 

The steel castings for the 10 inch disappearing carriage, model 1896, 
ordered by the Niles Tool Works, are in progress and will probably be 
finished within a few months. Eighty-five of these castings have been 
accepted. 

(7) Camhria Ikon Company. 

Of the 343 steel forgings ordered from this company by Mr. A. H. 
Emer3% C. E., for 12-iuch Emery elevating gun carriage, 2()(> have been 
accepted and shipped to the Niles Tool Works, Hamilton, Ohio, leav- 
ing 77 yet to be furnished. 

(S) Benjamin Atiia A- lLMN(iwoRTii Company. 

The steel forgings and steel castings for 12 inch mortar carriages, 
model ISDO, on Robert Poole ^ Son Company's first order have been 
completed. 

The forgings on Kobert Poole *S: Sou (Company's second order for 12- 
inch mortar carriage are finished except 8 piston rods, 10 crank pins, 
and 302 traversing rollers. About one-third of the steel castings on 
Robert Poole & Son Company's second order have been shipped. 

The steel forgings for 8-inch disappearing carriage, L. F., model 1894, 
made for Morgan Engineering Company, and the steel forgings and 
steel castings for 10-inch disapi)earing carriage, L. F., model 1894, made 
for Kilby Manufacturing Company, have been finished and shii)ped. 

Of the Niles Tool Company's order for material for 10 inch disappear- 
ing carriage, L. F., model 1896, all the steel forgings and all the steel 
castings except 4 have been finished. 

The Southwark Foundry and Machine Company's order for material 
for 12-inch mortar carriage, model 1896, has been completed, and on 
their order for material for 10-inch disappearing carriage, L. F., model 
1896, all the pieces have been accepted except 5 forgings and 3 gun- 
lever castings. There are also 4 gun levers and a few minor castings 
and forgings to be replaced. 

The Providence Steam Engine Company's order for 12-inch mortar 
carriage, model 1896, forgings has been filled except 9 sets of travers- 
ing rollers. 

The same company's order for mortar carriage cavstings is in progress, 
and is about one-third completed. 

The steel forgings for 8-inch disappearing carriage, model 1896, 
ordered by the Pond Machine Tool Company, are completed except 27 
forgings, viz, 3 piston rods and 24 suspension rods. 

(9) Ckown Smkltin*; Comi'any. 

The Crown Smelting Company have finished and shipped the bronze 
castings for the first order from Watervliet Arsenal and for the Mor- 
gan Engineering Company's order. 

Of the bronze castings for the other orders placed with this com- 
pany the number of castings still due is as follows, viz: 

Castings. 

On Southwark Fonndry and Machine Company's order 1 

On Pond Machine Toof Company's first order 6 

On Pond Machine Tool Company's second order 218 

On Amoric«an Hoist and Derrick Company's order 82 

On Watorvliet Arsenal's second order 36 

These should be completed within two months. 
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10, S«>L'TIIWAKk' ForXDBY AKD MaCHLNE COMPANY. 
'Omtnurts dated Aa^nst 17. 1896.] 

(a) 10-inch dinappearing carnage^ L. F,^ model 1896, — Two of these 
caniajres, Xos. 9 and 10, have been completed and shipped. 

Carriage No. 9 was originally due January 17, 1897, and was sub- 
mitted for shop trial June 1, 1897, a delay of 135 days. Its final 
delivery w;*s further delayed until June 21, 1897, to make change in 
retraction gear ordered by the Department. 

<.'arriage No. 10 was originally due March 17, 1897, and was delivered 
August 24, 1897, a delay of 100 days. 

The third, fourth, fifth, and sixth carriages were due May 1, June 1, 
June 15, July 30, and September 13, 1897, respectively. 

The company applied for an extension of contract, but the decision 
has been held in abeyance to see what progress the company could 
make in completing carriages and anticipating the deliveries of the 
later carriages. 

The company hoi>e to deliver the third and fourth carriages (Nos. 11 
and 12) during the first 10 days in October, 1897. 

(b) l:^-ineh nwrtar carriaif&tj model lS9(i. — Three 12-inch mortar car- 
riages have been delivered and shipped. 

The first 12-inch mortar (No. b^) was originally due January 17, 1897 ; 
the time was extended 45 days to March 3, 1897, and was delivered 
J une 1 , 1897, a delay of 90 days. The final delivery was further delayed 
by waiting for temx>let for elevating rack, to be furnished by the Uiiited 
States. 

The s(*ci>nd carriage (No. 59) was originally due February 28, 1897; 
the time was extended .30 days to March 30, 1897, and was finally 
delivered September 2, 1897, a delay of 156 days. 

The third carriage (No. 6()) was originally due April 11,1897; the 
time was extended .U) days to May 11, 1897, and was finally delivered 
September 9, 1S97, a delay of 121 days. 

The fourth carriage (No. 61) was originally due May 23, 1897; the 
time was extended 30 days to June 22, 1897, and the company expect 
to deliver it about October 1, 1897. 

All tlie material for the gun carriages except a few pieces for the last 
three carriages, and all the material for the mortar carriages except 
the last two carriages, has been delivered. 

The few ])ieces due on each should not delay the work- 

It is not prudent at this time to predict the rate of future deUveries 
of these carriages. 

X.— SHIPMENTS, Etc. 

The numbers and weights of steel forgings and steel castinffB that 
havii been shipped under the supervision of this station are gjven in 
tabular form below. 

These tables do not include the pieces nonaccepted or condemned, 
which increases considerably the number of pieces whose record must 
be ke])t. 

The (Miornious amount of (clerical work involved may be faintly con- 
ceived wh<'n it is noted that 26,172 pieces, weighing 8,209,571 pounds, 
have been recorded, testcMl, and shipped. 

A total of 6,083 test bars have been broken and the results recorded. 

In addition, there have been 1,517 summary reports of tests sent out, 
646 letters and M\\ indorsements written, 205 letters of acceptance for 
mat(Tial tested, and 73 invoices, in duplicate, made out. 
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WEIGHTS OF STEEL CASTINGS. 
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XL— PHYSICAL TESTS. 

Tbe twelve tables appeuded, Tables A to L, both inclusive, give 
recapitulations of the testa of material made at tbe Midvale Steel 
Works during the past year. 

Tables M and N give diagrams of the accepted material from all 
sources for the ten 12-inch mortar carriages, model of 189K, and ten 
10 inch disappearing carriages, L. F., model 18%, aow being made by 
the Soutbwark Foundry and Machine (Jompany. 
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COMPARATIVE TABLE OF RESULTS OF TENSILE TESTS. 
Tablk F.—ParU of 12-inch B, L. Hfle, 



Name of piece. 



Tubes 

Jackets 

Trunuion hoops. 

Hoops A 1 

Hoops A2 

Hoops A3 

Hoops B2 

Hoops li3 

Uoops CI 

Hoops C2 

Hoops D 



Year. 


Namber tested. 
Pieces. Bars. 


Elastic lim- 
it per 


Mean. 

Tensile ' 
strength j Blonga- 




Contrac- 
tion of 








square inch. 
Pounda. 


per square ■** 
incQ. 

Pounds. 


Mun. 

" ' 
Per cent. 


area. 






Per cent. 


1895 


6 


39 


46.820 


83,600 


22.18 


42.48 


1896 


5 


30 


46,300 


86,170 


21.13 


39.12 


1897 


8 


50 


47,500 


87,000 


20.40 


40.50 


1895 


6 


48 


50, 145 


89,395 


21.18 


42.37 


1896 


5 


40 


51.150 


93, 410 


21.45 


43.00 


1897 


8 


71 


50,300 


91,400 


19.60 


35.50 


1895 


6 


24 


54,333 


98.000 


20.10 


49.54 


1896 


5 


20 


54, 920 


98,800 


19.35 


48.37 


1897 


8 


32 


55,100 


99,500 


19.10 


54.00 


1895 


8 


24 


56.042 


99.354 


17.57 


44.00 


1896 


3 


9 


64,777 


96.430 


18.81 


49.77 


1897 


8 


24 


61.400 


101. 300 


16.90 


43.50 


1895 


6 


18 


57,000 


09.400 


19.06 


42.85 


1896 


5 


30 


56,700 


99,110 


16.95 


41.72 


1897 


8 


48 


58,400 


101.250 


16.90 


42.60 


1895 


6 


36 


56,444 


95,600 


17. 2« 


45.80 


1896 


5 


30 


57,400 


98.670 


18.09 


44.01 


1897 


8 


48 


58,900 


100,200 


17.00 


45.30 


1895 


6 


40 


55, 700 


97.940 


15.80 


87.13 


1896 


5 


39 


54,420 


101.200 


16.69 


40.00 


1897 


8 


65 


58.500 


101. 700 


17.30 


45.60 


1895 


6 


26 


57, 577 


101. 735 


16.28 


38.76 


1896 


5 


20 


58.150 


101. 120 


16.61 


38.33 


1897 


8 


65 


58, mo 


100.580 


17.10 


44.30 


1896 


9 


54 


56,666 


98.960 


18.76 


37.80 


1896 


2 


12 


55,606 


97.360 


17.37 


34.45 


1897 


8 


50 


57,400 


100.020 


17.90 


39.70 


1895 


t 


44 


56.932 


99.382 


18.32 


30.15 


1896 


4 


24 


56,500 


98,150 


18.22 


30.02 


18.»7 


9 


56 


58,230 


100.700 


17.80 


38.00 


1895 


6 


37 


58. 135 


* 101. 108 


16.16 


40.64 


1896 


5 


30 


58,130 


100,480 


16.62 


40.04 


1897 


8 


49 


57,850 


' 99, 310 


16.70 


42.70 
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STATUS OF THE WORK AT THE 80UTHWARK FOUXDRT AXD MACHINE COMPANY 

PHILADELPHIA, PA 

Table M. — Ten IJ-inch mortar carriagea, model 1S96. 



Name of part. 
RuciT 


Carriage number. 






58. 59. 1 60. 

1 ' 


61. 


62. 6.3. 64. 


65. 


86. 


87. 

1 


Hiisc riiitr 


— \^- 

1 




— 




Tod carriaire 














Siirinfir box 


; 




1 




1 










Traversing rack 


— 




. 









1 


Elevating rack 




i 
I 






Recoil cylinders 




— - 






1 


Azimuth circles 




1 






1 


Removable tioor vlates ......... 






1 


I 




1 


I 


(Jriiidea and cans 




1 


r , 


1 1 








_ 


1 




Spring-box brackets 




1 


- — 







Spring caps 


— ■ - 


" 




1 

1 


l^edestal bracket 












Top carriage tul<;rum sbjift 






I'istons and roda 




J 


-- -- 




Tra veraini? rollers 


■ _ 
1 








— 




-- 




1 


i 






Shot tongs 


1 1 ■ ' ; 


■ 


Shot t rucks 














Tools 


1 _ . 

1 

1 







1 

1 






Bronze parts 





















Full black lines show accepted material. 
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STATUS OF THE WOEK AT THE SOUTHWARK FOUXDRY AXD MACHINE COMPANY, 

PHILADELPHIA, PA. 

Table N. — Ten l(f-inch disappearing carriagetf L, F., model 1896, 



Name of part. 



Base ring, right. 
HaMt"! riu>f, left. . 

Kacer. riyht 

Racer, left 



ChuMHiH, rigljt... 

(MiasHiH, h'ft 

Top rarriajje 

(iiin lover, rijiht 
dun lever, left .. 
Elevating racks. 
P31evatiug bund . 
(,'<»uiiter\vei{jhtrt 
Tran-'«»iiiM 



('rosaliead clips 

Si;;ht standard 

Elevatiiijj arms 

(iiin-lever axle 

Siispeufion ri»<i.-« 

SusjM«nsion-n>d ^•llaft. 

Pistons and rods 

Traversing roUors . . . 

Kecoil roller.H 

Kacer clips 



9. 


10. 11. 




1 




— - - 


— — — 


' 




1 





Carriage number 




17. 




12. 13. ; 14. 15. 


16. 


18. 


















• 


1 








1 




i| ' 


; 








1 















































Distance riiijLjs 

Travt'isint; r;irk 

Annniinition tiiicks ... 

Shot tou;;s 

Bron/.e i>art» 

Tools . 77.: . .7777::.". .t: 



c 



Full black lines show ar<t'pto<i material. 

Respectfully submitted. 

1). A. Lyle, 
CaptaiHy Ordnance Department, U. S, A., Inspccttn-. 

The Chief of Ordnance, U. S. Army, 

Washinyton, IK C. 
(1076G— Eiics. 2aud^) 
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PROiniESS REPORT ON THE MANUFACTURE OF STEEL FORdlNGS, 
CASTINdS, ETC., AT THE BETHLEHEM IRON WORKS. 

Office of Inspector of Okdnance, U. S. A., 

Bethlehem Iron Works, 
South Bethlehem^ Pw., August i, 1897. 

Sir : I have the honor to submit the folio wiug report of the progress 
during tlie tiscal year ending June 30, 1807, of the work ordered by the 
Ordnance Department to be made under the supervision of the inspector 
of ordnance at these works. 

The Bethlehem Iron Company has been manufacturing forgings and 
castings under the following contracts or orders, viz: 

(1) 21 sets of forgiDgs for lO-inch B. L. R. goii, contrart of Ansnst 14, 1896. 

(2) 22 sets of forj^iiigs for 12-iuch B. L. K. mortar, cou tract of August 14, 1896. 

(3) I set of forgiugs for 5-infh R. F. gun, coDtract of September 1, 1896. 

(4) 10 sets of forgings for 5-inch B. L. siege gun, contract of D<'cembcr 4, 1896. 

(.5) 10 sets of forgings for 7-inch B. L. siege howitzer, contract of December 4, 1896. 

(6) 36 sets of forgings for 12-inch B. L. R. mortar, contract of May 1, 1897. 

(7) I set of forgings for 16-inch B. L. R. gun, contract of December 30, 1896. 

(8) 10 sets of forgings for 12-inch B. L. U. gnu, contract of May 6. 1897. 

(9) Miscellaneous forgings for rifles and carriages. 

They have also been manufacturing: 

(10) One 10-inch disappearing carriage, model 1894, contract of January 8, 1895. 

(11) One hundred 8, 10, and 12 inch rifles, contract of November 7, 1891." 

(12) Thirty 12-inch B. L. mortars, steel, contract of September 1, 1896. 

(13) Twelve 10-inch disappearing carriages, L. F., mouel 1896, contract of Septem- 
ber 1,1896. 

(14) Six 10-inch disapi>earing carriages, L. F., model 1896, contract of May 24, 1897. 

The Carpenter Steel Company have had to furnish the following: 

(15) One hundred 12-inch armor-piercing shot, contract of August 7, 1893. 
(n>) Ei«;hty-one 12-inch armor-piercing shot, contract of Decembers, 1894. 

(17) Eighty-ono 12-inoh armor-piercing shot, contract of May 15, 1897. 

The trustees of the Brown segmental wire gun have to manufacture: 

(18) One 10-inch Brown segmental wire B. L. rifle, contract of December 31, 1896. 

(1) FORGINGS FOR 10-INCH B. L, RIFLES. 

Twelve sets had been delivered by June 25, 1897, all of them far in 
advance of the contract times, the last one being delivered over nine 
months ahead of the specified date of delivery. 

(2) FORGINGS FOR 12.INCH B. L. R. MORTARS. 

p]leven sets had been delivered by June 25, 1897, and all have been 
within dates specified by the contract. 

(3) FORGINGS FOR 5-INCH RAPID-FIRE GUN. 

This set was delivered March 24, 1897. 

(4) FORGINGS FOR 5-INCH B. L. SIEGE GKN. 

f Six sets were delivered by June 12, 1897. Delays were incurred in 
the first five sets, a total of 208 days. 
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(5) KORGINGS FOR T-IXCH B. L. SIEGE HOWITZER. 

Six sets were delivered by June 12, 1897. Tbo first five sets were 
delayed a total of 202 days. 

(6) F()R(;iXGS FOR 12-INCH H. L. R. MORTAR. 

Four sets were delivered by Junt* 21), 1S97, all of them within the time 
allowed. 

(7) F()R(iIN(;s FOR 1<)-1NCH H. L. R. (UTN. 

A few small parts for the breech mechanism have been delivered and 
others are in progress. The mold for the ingot castings for the tube 
and Jacket has Just been completed and it is exi)ecti'd that the first 
ingot will be jmured about the last of July. 

(8) FORCilNGS FOR 12-INCH K. L. R. (iUN. 

Work has been commenced on this contract and all the pieces of the 
first set had been forged on »Iiine i^O, 1897. 

(i») MISCELLANi:orS FORGINGS. 

Th(» forgings for carriages ordered by the Kilby Manufacturiug Com- 
pany have all bcM-n delivered. 

Tlie West Pi)int Foundry ordered a niaiii fulcrum shaft and two ele- 
vating arms for a Howell disappearing carriage, which have been 
delivercMl. 

The Niles Tool Works C*)mpany ordered sixteen racer clips for 
10-inch disapi)caring <*arnages. which have been delivered. 

Tlie Southwark iMmndry and Machine Conipauy ordered ten worm- 
wheel casings, thirty six half nuts ftu* suspension rods, and sixty trav- 
ersing rollers, all feu* 10-inch (lisap])earing carriages. These have all 
been delivered. 

The American Ordnance (company ordered twenty gun shields for 
field carriages. whii*h were subjected to a ballistic test and have been 
accepted and delivered. 

The ]*ro\i(leiue Steam Kngine (\)ini)any ordered 618 forgings for the 
variiuis parts of tlu* s inch disappearing carriage, L. F., model 1894. 
A larger part of these have been accepted and shipped. 

JMr. A. 11. Kmery has ordered a forging for the main press of his 
12-inch d!sap])earing carriage. It is now in j)rogress. 

From Watcriown Arsenal orders for l.'U> billets for forgings for car- 
riages liavt* been re**eived, and all have been shii)ped. There has also 
been oKh^rcd, for the hydrostatic test of an 8-inch tube section, two 
stcrl hiK^jks. which are in ])rogress. 

From Watervliet Arsenal there was ordered a steel tray casting and 
lorgtMJ hinge ]>]ate tor KJ-inch 1>. L. ritle, both of whi*h are in progress. 
The s«'('(»ii(l locking ring for 5 inch siege gun. referred to in my last 
annual renort. was <!elivered Jnlv lio, 1S9G, a delav of 27 davs. 

The following additicmal forgings were orderetl by the Chief of 
OnlnaiuM': 

iL'-inch D ln>on. or»l<»ro<l Autjust 21. is. Mi. dflivj'red November 24. 1SJH5. 

Two 10 inch sj.indlrs. onU'HMl March 1»», 1M»7. iloliverod M;iy 1. 1SJ*7. 

T\v») lL*-in« h conipoiinl i;c:irs. onl«Tc<l .I.niiiary 12. lSi»7. delivered Mar«-h 27,1897. 

The toHowing forcings have been furnished to replace similar ones 
found to be defective at Watervliet Arsenal: 

.'».inch trunnion Imop. drlivcrcd >e;)irn\lier :*. ls!H). delayed 7m days. 
12-in»h hrecchhlock. delivered I'ehniarv :». lsj*7. d«'Iavrd .">;> davs. 
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llVinch Ineechblock, delivered February 17, 1897, delayed 94 days. 
12-iiHh mortar triiiniioD boop, dolivered May 8, 1897, delayed 45 days. 
Teu 5-inch br<ech blocks, delivered Jane 28, 1897. 

(10) 10-INCH DISAPPEARING CARRIAGE, MODEL 1894. 

This carriage, the last one undei- the contract of January 8, 1895, 
was delivered August 25, 189(). a delay of 120 days. 

(U) 8,10. AND 12 INCH H. L. STEEL KIFLES. 

Ul) to the date of this report there had been conii)leted twenty-tive 
8-inch and lifteen lO-iuch ritles. There are now in progress ten 10-inch 
rities, which are all assembU'd and for which abnost all the parts of the 
breech mechanism are completed. A few months of work would tinish 
them ready for proof tiring. Of the 12-inch rities tour are almost com- 
pleted excepting the breech mechanisms. Since the latter i)art of the 
year lSO(i work under this contract has been almost entirely suspended 
and the plant devoted to the construction of tiuished mortars. 

(12) 12-INCH n. L. MOKTAKS, STEEL. 

Four of these mortars were <lelivered at Sandy Hook Proving Ground 
on June 29, two days before the specitied time. The next 8 are well 
under way and will probably be delivered in advance of the time 
aUowed. 

(Ul-U) 10-INCH DISAPPEARING CARRIAGES, L. F., MODEL 1896. 

Of the lirst contract 4 carriages have been delivered, Nos. 19 to 
22, inclusive. The delays in i)resenung each were, No. 19, 31 davs; 
Xo. 20, 37 days; No. 21, 70 days; No. 22, 72 days. Nearly all tlie 
material for tlie 12 carriages had been made, the exceptions being the 
chassis for 4 (!arriagcs and racers and base rings for 1 carriage. Tlie 
main parts for i\ carriages were completely machined and awaited 
assembling. 

Of the second contract a few of the minor parts had been forged or 
cast. 

(15-pi) 12-INCH ARMOR-PIERCIN(J SHOT. 

The projectiles ])resented under these two contracts having failed to 
pass the re<iuired ballistic test, they were purchased at a reduced price 
as low-gTade shot. 

(17) 12-INCH ARMOR-PIERCIN(J SHOT. 

This contract was completed on time, the last delivery being made 
June 29, 1897. 

(18) 1()-INC:H BROW'N SEGMENTAL WIRE GUN. 

The mill for rolling the staves and the wire- winding machine for this 
gun have been completed and accepted. The wire is now being manu- 
factured. 

The foHowing table of the average physical qualities of specimens 
tested lH*re during the last year, and representing material which has 
been accepted, indicates an improvement over the results obtained in 
the previous two years with gun forgings. The quality of the forgiugs 
and castings for gun carriages has been in most cases equal to that 
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prescribed in Table II of the specificationa. 
tested duriug the year was 3,917: 



The uuinherof 



, Elutio 
Nnm- Ilmawr 




STEEL FORGIN08 BETHLEHEM IRON WORKS. 

The sliipments made daring tbe year are as follows : 



Hi li, L. Btocl rlflen . . 



■efiowitiets .. 



t'»r-iui.'< far iMnfh a L. rifles 
Forefuiia for 12 lucfa B.L.rlriod 
FurKiDOH fur le-liK'h It. L. rirlixl 
MiaceUiiiwJiia furjfiug* 



Very respecthiilj', your obcdieut servaut, 

I. MacNttt, 
Captain, Ordnance Department, U, S. A., Innpeclor. 
Tlie Chief of Ordnance, U. S. Army, 

Washington, i). C. 
(109]5— Enc. L') 
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PROGRESS REPORT AT THE WORKS OF ROBERT POOLE if- SON COMPANY, 

JUNE SO, 1S97. 

Office of Inspbotob of Ordnance, U. S. A., 

Works of Robert Poole & Son Co., 

Baltimore^ Md., July 20, 1897. 

Sir: I have the honor to submit a report on the progress of work 
here up to June 30, 1897. 

On August 17, 1896, a contract was made with Robert Poole & Son 
Company, of Baltimore, Md., for furnishing fifty-seven 12 inch mortar 
carriages, model 1890. The first delivery was to be made ten weeks 
from above date, and thereafter attlie rate of four carriages per month. 
This would require the thirty-third carriage to be delivered at the end 
of June, 1897. Actually 35 have been completed and shipped. 

Nothing out of the ordinary has been experienced. The main diffi- 
culties, which were soon overcome, lay with points incidental to new 
work, changes in drawings, and subsequently, for a short time, in get- 
ting suitable rollers and recoil cylinders. The methods employed by 
the company formed the subject of a report on a closely allied carriage, 
made here in 1893 and 1894, and have not been changed. As fast as 
each carriage has been completed, si)ecial reports on its maneuvers, as 
well as on the material employed, have been forwarded. 

A description of the carriage, with method of assembling, etc., 
formed the subject of a sei)arate note sent you April 20, 1897. It is 
therefore considered unnecessary to repeat them here. 

The shipments have been as follows: 

Carriages Nos. 1 to 12, inclusive, to Fort Monroe, Va. 
Carriages Nos. 13 and 15 to 29, inclusivi', to Fort Adams, R. I. 
Carriage No. 14 to Sandy Hook Proving Ground, N. J. 
Carriages Nos. 30, 31, 32,' and 33 t(» Fort Pnl>ie, Me. 
Carriage No. 34 to North Point, Baltimore, Md. 
Carriage No. 35 to Fort Point, Galveston, Tex. 

This contract expires on December 26, 1897, and from the present 
outlook there appears to be no reason to suppose it will be delayed 
beyond that date. 

Another contract, dated April 28, 1897, calls for 35 more carriages of 
the same model. The first carriage must be furnished on or before 
July 31, and thereafter deliveries are to begin in October and continue 
at the rate of 5 per month until end of April, 1898, when the contract 
expires. 

The gun iron castings for the base ring, racer, and top carriage were 
furnished by the company. Excepting bronze, the rest of the material 
was furnished by Benj. Atha & Illingworth Company, Newark, N. J.; 
Penn Iron Company, Lancaster, Pa.; Penn Steel Casting Company, 
Chester, Pa., and Charles Scott Spring Company, Philadelphia, Pa. 
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The inspection of this material for physical (pialities was made by 
Capt. D. A. Lyle, Ordnance Department, and the tests it has been sub- 
jected to have been repoi-ted by him. 

Respectfully, II. D. Bori p, 

Captain, Ordnance Department, U. S, A. 

The CiiiKF OF Ordnance, U. S. Army, 

Washington, I). C. 
(10777 — Encs. 502 and i)i}S) 
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PliOGBESS REPORT OF THE MAXUFACTURE OFIO-INCH niSAPPEARfMi 
GUX CARRIAOES, HT THE KILHY MAXTFAC TURING COMPANYy OF 
CLEVELAXDy OHIO; OF 10-IXCH DISAPPEARIXG GUX CARRIAGES, 
AXD FIXISHIXG AXI> ASSEMIiLIXG IJ-IXCH li. L. STEEL MORTARS, 
AT THE XTLES TOOL JTORKS COMPAXY, OF HAMILTOX, OHIO; OF 
S'lXCH DISAPPEARING GUX CARRIAGES, BY THE MOliGAX EXGiX- 
EERING COMPANY, OF ALLIAXCE, OHIO, ETC, 

Office of Inspector of Ordnance, U. S. A., 

Cleveland, Ohio, Auprnt :Jly IS!t;. 

Sir: [ have the honor to make the following report of the progress 
of the contracts under my supervision for the year 189(>-97: 

Contract of Kilby Manufacturing Company, Cleveland, Ohio, dated 
December 20, 1894, for ten 10 inch disappearing carriages, li. F., model 
1894. Nine carriages have been completed. The tenth carriage is 
nearly assembled, and the contract will be completed by September 1, 
1897. 

Contracts of the Niles Tool Works Company, Hamilton, Ohio. First 
contract dated August 17, 1896, for eight 10 inch disappearing carriages, 
L. F., model 1896. Two carriages have been delivered and shipped; a 
third carriage is ready for shop trial. The state of i)rogre8s of the con- 
tract is shown by the accompanying diagram. 

Second contract, dated May 5, 1897, for six 10 inch disappearing car- 
riages, L. F., model 1896. Two chassis rails have been cast, but not yet 
tested, and a lot of bronze fittings and small steel parts made, but not 
yet machined. 

Third contract, dated May 5, 1897, for assembling tifteen 12-in<!h H. li. 
steel mortars. There has been some delay in receipt of forgings. The 
present state of the contract is indicated in the accompanying diagram. 
The machining of parts has begun. 

Contract of the Morgan Engineering Company, Alliance, Ohio, dated 
December 26, 1896, for nine 8-inch disappearing carriages, L. F., model 
1894. Three carriages have been delivered and considerable progress 
has been made on the others. The contractors will complete their vxm- 
tract about December 1, 1897. The present state of progress is shown 
by the accompanying diagram. 

Mi'sCELLANEOUS (CONTRACTS. 

American Hoist and Derrick Company, St. Paul, Minn, (contract for 
tifteen 12-inch mortar carriages. (Pratt & I^tch worth Company, Buf- 
falo, N. Y., contractors for furnishing steel castings.) 

The following steel castings were ordered by the contractors from the 
Pratt ^^ Letch worth Company: 

Brackets for hydraulic cylinders 60 

Distance pieces for azimuth circles ^ 120 

Guides «0 

Caps 'M) 

Hydraulic cylinders 30 

ORD 97 10 
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Caps for springs 15 

Washers for spring rods (hexagonal ) 75 

Washers for spring rods (cylindrical) s 75 

Elevating racks 15 

Steel wrench nuts 15 

Friction cones ^ 15 

Caster brackets 60 

Box wrenches 15 

The followiug castings have been thus far accepted : 

Guides 32 

Brackets for hydraulic cylinders 58 

Caps 30 

Distance pieces for azimuth circles .^ 80 

Cap for springs 1 

Washers 48 

Friction cones 14 

Steel hand nuts 3 

Elevating racks 7 

Caster brackets 59 

Box wrenches 13 

Hydraulic cylinders 4 

Nearly all the remaining parts have been cast, and the order will be 
completed in all probability before September 30. 

Contract of R. J. Gatling, dated August 7, 1890, for furnishing one 
8 inch caliber high-power gun cast in one piece. 

The Otis Steel Company, Cleveland, Ohio, are contractors for famish- 
iug the casting for the experimental gun and the machinery and labor 
for forging it. 

This machinery was built at the works of the Kilby Manufacturing 
Company, Cleveland, Ohio, and is completed except the bar or screw 
carrying the forging head. 

The foundations for the forging machinery and the furnace for heat- 
ing casting at the Otis Steel Works have been completed. A detailed 
descrii)tion of the manufacture will be furnished as soon as the work is 
completed. 

The casting for the gun has been made and, so far as can l)e judged, 
is sound. 

Contract of A. H. Emery, Stamford, Conn., for furnishing one 12-inch 
elevating gun carriage, dated March 17, 1893. 

The following parts have been received at the Niles Tool Works, con- 
tractors for Mr. Kmery, and i)artly machined: One steel curb made of 
parts 2 and 24, and the plates riveted thereto with its lower head; one 
spring cylinder consisting of three parts, 14 A, 14 B, 14 G, gun iron; 
one bod plate, 7 and 7 A, gun iron; one cylinder bed plate, No. 8; one 
steel ring, No. 1«S; one steel ring. No. 108; one steel link casting, No. 
51; one steel link casting. No. 52; one steel yoke beam, No. 48; one 
steel saddle. No. ()8; one steel carriage body. No. 67; eight steel disks, 
Nos. 12, 1 8, 19, 20, 2 1 , 35, 35, and 86 ; two caps. No. 60 ; one cap each Nos. 
69, 490, and 491; two caps. No. 58: one cap. No. 61. 

The following bronze castings were marie by the Niles Tool Works: 
4 pieces No. 471 bushing, 6 pieces No. 422 bushing, 2 pieces No. 473 
bushing, 1 piece No. 474 bushing, 2 pieces No. 475 bushing, 2 pieces No. 
476 bushing, 4 pieces No. 477 bushing. 

Very respectfully, W. W. GiBSON, 

Captain^ Ordnance Dejmrtment, V. S, A., Ifupietor. 

The CiiiiOF OF Ordnan( E, T;. S. Army, 

Washington^ J), C, 
(22696) 
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XJL/:S TOOL nORKS CO. 

Contract of August 17, 1896, for oi^ht 10-inch disappearing gun carriages, L. F., 
Model 1896. 



Accepted. 
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Base ring (right) 

'• (left) 
Racer (ri^ht) 

'' (left) 
Chassis (right) 

'' (left) 
Top carriage 

(.Tun lever (right ) [ { 

'■ (loft) 

Elevating racks [ i 

band 
Counterweight 

Transoms 

Crosshead clips 
Sight standard 
Gun-lever axle 
Suspension rods 
Suspension-rod shaft 

Piston and rod , 

Elevating arms 
Traversing rollers 
Recoil rollers 
Racer clips . . . 
Distance rings 
Traversing rack 
Ammunition trucks 
Bronze parts 
Tools 
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MORGAN ESGIXEERIXG CO. 

Contract of December 26, 1896, for nine 8-iiicb disappearing ^un carria>;es, L. P., 
Model 1894. 
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Chassis (right) 

(left) 
Top carriage 
Gun lever (right) 
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Gun-lever axle 
Susi)ension rods 
Suspension-ro^ shaft 
Piston and rod 
Elevating arms 
Traversing rollers 
Recoil rollers 
Racer clips 
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Ammunition trucks 
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